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COMPETITIVE RELATIONSHIPS BETWEEN SUGAR MD COBS SWEETMERS 

?3r Fhillip E. Jones and F» G^ Thoiaason 

SUHMAEÏ AND CONCLUSICaiS 

Competition amox^ sweeteners is keenest between st^^ar and the two 
primary com sweeteners: dextrose and com sirup^ There is also some 
competition between dextrose and com sirup as well as between dry sugar 
and liquid sugar. In recent years, the dry form of corn sirup (com 
sirup solids) has become increasingly important as a competitor with 
sugar and with dextrose and the conventional form of com sirup» Con- 
sumption of the predominant sweetener, sugar, in 1950 was 7 times as 
large as that of the com sweeteners combined} in 19SS-39 it was 10 times 
as large• Other sweeteners such as honey, maple sugar and simip, molasses, 
stigarcane sirup, refiners* sirup and sorgo sirup (now representing about 
5 percent of total sweetener distribution) are used primarily to inç)art 
flavor and other special characteristics to the finished product ♦ 

Tftiited States supplies of sugar are obtained largely from domestically 
produced sugar beets and sugarcane, and from imports from Cuba and the 
Philippines* The annual quantity of sugar available for consumption dur- 
ing the prewar period of 19S5-S9 averaged 127*2 million 100-pound units; 
during 1950, the quantity equaled 148 million units, of which 10 million 
was liquid sugar* 

Dextrose and com sirup supplies are obtained almost entirely from 
com produced and processed domestically/ The average com gxlnd for 
domestic use averaged 65*9 million bushels during 1955-39, exceeded 
153 million bushels during 1947 and in 1950 equaled 126 million bushels. 
During the prewar years 1955-39, dextrose and com sirup sales averaged 
2*4 and 10*3 million 100-pound units, respectively* The war year 1942, 
when the use of sugar was restricted, saw a rise of dextrose and com 
sirup sales to 6.1 and 20*1 million units, respectively* Dextrose sales 
have maintained their trend and reached 7*3 million units in 1950, while 
com sirup sales experienced a sharp decrease after the discontinuance 
of rationing and in 1950 totaled 14^8 million units* 

Per capita consumption of the three pxlmary sweeteners (sugar, 
dextrose, and com sij^p) has increased 4 percent since the prewar period* 
Per capita consumption of the predominant sweetener, sugar, is about the 
same as in the prewar period, whereas that of com sirup has increased 
almost one-fourth and dextrose consumption has more than doubled« 

The use of com sweeteners has been accelerated by the trend toward 
industrial manufacture of processed food products formerly produced in 
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the home« The ezt^it of this trend is indicate hgr the fact that 
Industrial usage of sweeteners has more than doubled in the last 
15 years, while population has increased only 19 percent. Pood pro- 
cessing industries used less than a third of the sugar distributed la 
the United States prior to World ¥ar H bub they nan use slightly acre 
than one*^alf « The houseirife uses sugar almost exclusirely in her 
cooking, baking, and canning while maiQr industrial food processors use 
a combination of sugar and one or more of the com sweeteners« 

Except for the war J&LTS,  sugar has represented about three-fourths 
of total sweeteners used by üidustiy as a whole« The stability of this 
ratio, however, is not a sj^^iificant measure of the coiiqpetitiTe relation- 
ship between sugar and other sweeteners« There h^m been no chwge in 
the pattern of sweetener usage in the confectionery industry and beverage 
manufacturers have reduce slightly the use of corn sweeteners relative 
to sugar, but significant increases in the relative use of com sweet- 
eners have occurr^ in the Mking^ ice cream and canning industxlM, 
The confectionery and bakjj% iMustries, which used com sweeteners more 
extensively than the others in the prewar period, have not experienced 
as much business expansion as Urn others since that time« This situation 
accounts for the fact that the relative use of com sweeteners by iadus-^ 
try as a whole has not increased despite the significant increase in 
such usage by a majority of the ijidustries« 

The increase from 13 to 21 percent in the ratio of com sweetener« 
to the total in the bakia^ industry is due largely to replacement ©f 
sugar with d^ctrose in breadmaking« Maqy bakers reported that bread 
made with dextrose compares favorably with that made with sugar« It was 
also reported to be possible to substitute dextrose for sugar more coof^ 
pletely in bread than in ax^ other food product« 

The increase in the use of com sweeteners in the ice cream industry 
from S to 10 percent of total sweetener usage appears to be the result of 
a growirig acceptance by many in the industry that quality ice cream can 
be produced at lower cost with a combination of sugar and com sweetener, 
with up to 25 percent of the latter being used« The increase also has 
been associated with the growth in relative importance of sherbets and 
ices within the industïy« The usage of dextrose aid high-conversion 
com sirup is relatively greater in these products than in ice cream, 
because most manufacturers believe a superior product is obtained by 
using a combination of sugar and one of the com sweeteners« 

The increase of corn sweetens usage from 5 to 12 percent of total 
sweetener usage in the canning and preserving industry has, in large part, 
been an outgrowth of research which indicated that use of a ccaabination 
of sugar and com sweeteners was desirable to exercise control over degree 
of sweetness and over-ciystallization, and to bring out natural fruit 
flavors« 

The decline since the prewar period in use of corn sweeteners in the 
beverage industry from 9 to 7 percent of total sweeteners is accounted 
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for by the relatively larger expansion in the production of soft drinks 
than of alcoholic beverages» Sugar represents a much larger proportion 
of total sweetener in soft drinks than in alcoholic beverages• 

The major factors considered by a food processor in determining 
sweetener usage are differences in physical and chemical properties of 
various sweeteners, their relative prices, and restrictions imposed by 
Federal and State regulations and, to a lesser extent, advertising and 
sales programs, in-plant handling problems, consumer preference, and 
psychological factors• 

The most important {áaysical and chemical properties considered by 
a processor are: (1) relative sweetness; (2) flavor; (5) hygroscopicityj 
(4) solubility and crystallization characteristics; (5) density of liquid 
sweeteners and moisture content of solid sweeteners; (6) molecular 'weight, 
osmotic pressure and freezing point depression, and (7) fermentation and 
preservative properties. Sweeteners vary considerably with respect to 
these properties. Eequirements also vary widely, according to the quali- 
ties desired in particular products. 

Price differentials among the various sweeteners influence a food 
processor's choice, though often a price advantage is out-weighed by 
qualitative considerations, such as the physical properties mentioned 
above* There is a general, though not constant, price relationship 
between sugar and other sweeteners. Liquid sugar on a solids basis is 
priced at a small differential under granulated, but freight rates on 
liquid sugar tend to offset the price advantage for prooessoisnot located 
close to refineries. Dextrose prices are geared to sugar prices, with 
a favorable differential lusually of about 18 or 19 percent. Corn sirup 
prices are geared prajíarily to the net cost of corn to the wet miller, 
though sugar prices set an upper limt on them. Because of differences 
in solids content axid relative sweetness of com sweeteners compared 
with sugar, the price difference per unit tends to overstate the savings 
which might result from replacing sugar with corn sweeteners. 

Sweetener use in the manufacture of processed foods has been in- 
creasingly influenced for many years by both Federal and State regula- 
tions. At first these regulations leaned heavily in favor of sugar as 
an exclusive sweetener. Progressive revisions of these standards have 
generally been toward allowance of a much broader range of sweeteners. 
Apparent limitations on the use of com sweeteners are generally well 
within the accepted practices of the food processing industries, although 
regulations governing the use of com sirup tend to be more restrictive 
than those prescribed for dextrose. 

The two types of Federal standards affecting the type or amount of 
sweetener used in food products are those of the Food and Drug Adminis- 
tration of the Federal Security Agency and those of the ïï# S. Depart- 
ment of Agriculture. Federal standards are now effective for canned 
fruits, canned vegetables, presei^es, ¿asm  and Jellies, fruit butters. 



cocoa and chocolate^ and sireetened ooiidensed milk. In addition^ standards 
have been proposed for frozen fimts, frozen desserts (ice cream), and 
bread. State regulations generally aff^t sweetener use in ice cream and 
soft drinks, which are as yet not covered by Federal standards. 

During the past 4 years there has been a steady increase in the 
amoiffit of sugar sold in liquid form, although liquid sugar in 1950 still 
represented only 6»7 percent of the total sugar distributed« The shift 
to liquid sugarusage has been occurring chiefly in locations near 
refineries, inrolving loir freight charges, notably among large-scale 
manufacturers -whose voltame is such that savings on the lower cost in- 
gredient and lower in-plant handling costs more than offset the cost of 
installing the equipment for handling it« Partly because of the con- 
venience of mixing two liquid sweeteners together, processors who have 
shifted from dry to liquid sugar also tend to shift from dextrose to 
com sirup ínsofar  as qualitative considerations permit« 

FUTURE TREND IN USAGE OF COEK SWEETENERS 

With the notable exception of the use of dextrose in bread baking, 
com'sweeteners are rarely used alone, but are used in combination with 
sugar« Use of com sweeteners as the sole sweetener is not practical 
in most food products because of certain characteristics which would be 
imparted to the products as a result of physical or chemical properties 
of the corn sweeteners« From 20 to 53 percent of total sweeteners 
usually is the maximum proportion represented by coam sweeteners« TShen 
used in these amounts, many food processors believe that their use in 
combination with sugar results in a finished product equally as good as 
when all sugar is used, and, at the same time, permits a lowering ©f 
ingredient costs« 

Future trends in the over-all competitive relationship between 
sugar and corn sweeteners will be affœted by the extent to which the 
use of sweeteners continues to be diverted from the household to industry 
and by the relative growth of the various food processiijg industries, 
but will be determined in more significant degree by the net impact upon 
individiaal industries of the factors icifluenoing food processors» choice 
of sweetener« During the past two decades, the importance of these 
factors appears to have become faxrlj well established. It is to be 
expected that the upward trend in the use of corn sweeteners will 
continue« 
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DîTROnJCTICW 

Need for the Study 

For several years prior to World War II there was a steady increase 
in the production and use of com sweeteners in the united States* War- 
time curtailments in supplies of cane and beet sugar available for our 
domestic civilian requirements gave added inqpetus to this trend« It TOLS 
reported that some manufacturers of sugar-containing products liho used 
com sweeteners for the first time during the war had found them acceptable 
and planned to continue their use after sugar again became readily avail- 
able in the latter part of 1947. On the other hand^ there were some iriio 
believed that the usage of com sweeteners would be drastically curtailed 
after the end of sugar rationing* In addition to the variation in opinions 
as to the probable quantitative direction of the postwar shifts in com 
sweetener usage^ there was oonáiderable difference of opinion relative to 
the basic factors influencing the shifts* 

A thorough study of the competitive relationships between sugar and 
com sweeteners was considered advisable because of lack of specific in- 
formation as to the probable trend in the postwar use of com sweeteners, 
the extent to which sugar was being replaced by com sweeteners, the 
relative iBQ)ortanoe of the various com sweeteners in all types of food 
products, and the primary factors which affect the choice of sweeteners 
for a given use* Accordingly, funds were made available under authority 
of the Research and Marketing Act of 1946 to carry out such a study, the 
results of which are summarised in this report* It is believed that this 
report will provide useful information to those in the sugar and com 
sweetener industries, to manufacturers of products containing either or 
both types of sweeteners, end to Federal and State agencies responsible 
for the formulation of policies affecting their utilisation* 

Scope and Objectives 

This study is confined to an analysis of the competition between 
sweeteners used industrially in making bakery products, ice cream, con- 
fectionery, soft drinks, and canned, fro sen, or preserved foods* It is 
estimated "üxat in 1949 approximately 94 percent of the sugar ^ich was 
used for the commercial production of sweetened foods was used in these 
products* Except for com simp used in blended simps, even larger 
proportions of the oom  sweeteners were used in these products* No 
attention has been given in this study to the use of sweeteners for 
making any of these products in the home, nor to direct household or 
restaurant consumption of sugar and com siinip* While the primary 
sweeteners under study here are the various types of sugar and com 
sweeteners, some mention will be made of other sweeteners, such as 
molasses and honey* Jsa  analysis Is made of how each of the three types 
of com sweeteners~àextrose, com sirup, and com sirup solids—competes 
with sugar, and attention is given to the effect upon this eonçetitive 
pattern of utilising sugar in liquid rather than in  crystalline form* 
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The priioary objectives of this study are tiirofold: (1) To detenrdne sta- 
tistically the extent of competition between sugar and the com sweeteners 
in the production of processed foods; and (2) to ascertain the principal 
factors governing an industrial user's choice of sweetening agent or agents 
in making a given product* 

Data Used in This Study 

In carrjdng out this study, miich pertinent primary and secondary in- 
formation has been brought together for analysis» Primary data assembled 
include information from primary distributors of sugar and dextrose relative 
to deliveries of these products according to use-classification and data 
obtained from surveys of industrial users of sugar and con:i sweeteners» 
Secondary data used include production, distribution, and price data assem- 
bled from the records of the !!• S« Depaarbsènt of Agriculture; technological 
research data from both colleges and other research iilsti tut ions, and from 
food processors; and information concerning the effect of Federal and State 
regulations on the use of sweeteners» 

New Reports on Sugar and Dextrose Usage Instituted 

Because data were not available on the quantities of sugar and dextrose 
currently being used by the various types of industries using these sweet- 
eners, a system of voluntary reporting of such information by the primary 
distributors of these products was instituted» Primary distributors of 
dextrose consist of the wet conn milling companies producing this oomotDOdity, 
while primary distributors of sugar are the cane sugar refiners, beet sugar 
processors, and importers of offshore refined and other direct-consumption 
sugars* No attempt was made to obtain similar information from the 
domestic producers of direot-oonsumption sugars unless such producers 
were also refiners» There are from 15 to 20 producers of these types of 
sugars in Louisiana and Florida, but they distribute only about 1 percent 
of the total United States annual sugar supplies* Primary distributors 
supplying information quarterly èince January 1, 1949, relative to their 
deliveries (sales) by types of customer represent 100 percent of the total 
dextrose distribution and approximately 97 percent of total sugar distri- 
bution» Copies of the official reporting forms~Sü-64 for sugar and 
Grain-288 for dextrose~are included in the appendix» 

In addition to the submission of current information on deliveries 
(sales) by types of customers, the manufacturers of com sweeteners, cane 
sugar refiners, beet sugar processors, and sugar importers and brokers 
have supplied additional and heretofore unpublished data relative to sales 
by use categories for prior years (1935-48), as well as information on 
prices and pricing policies* 

Surveys of Major Sweetener-Using Food Processing Industries 

In order to obtain firsthand infonnation about industrial users* 
experiences with sugar ana com sweeteners, personal interviews were held 
during the last half of 1948 and the first half of 1949 with representative 
manufacturers of sweetener-containing products» These manufacturers were 
interrogated as to the type and amotint of sweetener then being used and as 
to their wartime experiences with modifications in type or percentages of 
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sweeteners used»    They also were asked to indicate the primary factors 
affecting their choice of sweetening agent or agentsi including the 
importance of such factors as price differeaitials, physical and checdcal 
properties of the T^arious sweeteners, and Federal and State food regulations« 
The individuals contacted were general joeyiagers^ iriee presidents in charge 
of production, plant superintendents^ or ohestLsts, depending largely on 
the type of organization of the company»    A total of 718 contacts were made» 
However^ a much larger number of companies are represented by these surveys 
hecause of centralised control over swee*tening policies in the case of many 
soft-drink manufacturers, bakery organizations^ and ice-cream producejrs» 
The 718 üiterviews made were distributed among manufacturers of iâïQ various 
sweetened products under study herein as follows j 

Bakery products •••»••••« 108 
Canned foods ••••••  83 
Confectionery •.««••««..« 158 
Ice creams,  sherbets, 

and ices •••«••*••*•••*• 125 
Frozen fruits  •••*•»«*••• 38 
Preserves ••»••••••••»•»• 120 
Soft drinks • .•.♦••• 106 

While a large proportion of the surveys were made in cities in which 
there is a concentration of sweetener-wsing industries,, sonya were made to 
other areas to msure adequate geographic coverage»    States, cities, or 
areas in which surveys were made include the following: 

Mew England States: 

Maine~Po rt land • 
Massachusetts—Amherst, Boston, Cambridge, Everett, Hanson, Littleton, 

Lynn, Maiden, Medford, Nabnasset, Nati ok, Nortli Ando ver, 
Somerville, South Deerfield, Worcester» 

Kiddle Atlantic States: 

New York—East Williamson, Geneva, Itíaaca, Msnchester, Newark, New York, 
Rochester, Sodus, Wolcott* 

New Jersey—JSewark« 
Pennsylvania—Bethlehem, Biglerville, Hanover, Harrisburg, Hershey, 

Lancaster, Philadelphia, Pittsburgh» 

Southern States: 

Delaware—Bridge ville» 
District of Columbia. 
Florida—Forest City (Orlando), Highland City,  Kissimmee, Lake Alfred, 

Lakeland, Lake Wales, Miami, Orlando, Taiiça, Winter Haven* 
Georgia—Atlanta,  Concord, Griffin, Macen, Zebulon» 
Kentucky—Covington, Louisville. 
Louisiana—Kew Orleans. 

054135 0—51 2 
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Haryland—Baltimore,  Cambridge, Easton, Greensboro* 
Tennesßee~Bells,  Chattanooga, Dayton,  Ehoxville, Nashville, Portland* 
Texas~Dalas, Ft* Worth,  Houston» 
Virginia—Alexandria,  Charlottesirille, Croaet, Predericksburg, Front 

Royal, BiohBiond, Winchester» 

North Central Statesi 

11 lino is—Chicago, Evans ton» 
Iowa—-Bettendorf, Davenport» 
Kichigan—Benton löurbor, St.  Joseph, Traverse City. 
Minne so ta~Le Sueur, Minneapolis,  St. Paul» 
Missouri—Kansas City,   St.  Louis. 
Ohio—Cincinnati» 
Wisconsin—^Columbus,  î^iadison,  Milwaukee,   Sturgeon Bay,   Sussex» 

Western Statest 

California—Alameda, Berkeley, Greater Los Angeles, Oakland, Palo Alto, 
RedTfood City,  San Francisco,  San Jose,  Sxmnyvale. 

Co lor ado—Denve r • 
Oregon—Corvallis, Gresham, Hillsboro, Portland. 
Washington—Mount Vemon,  Seattle, Tacoina. 

In selecting the firms to be contacted, assistance was solicited 
from trade associations representing the producers of sweetener-containing 
products.    The associations which advised the Department in developing a 
representative sample and,  in some cases,  arranging for interviews,  include 
the following» 

American Bakers Association 
American Bottlers of Carbonated Beverages 
Assiciated Retail Bakers of America 
Association of Cocoa and Chocolate 

Manufacturers of the United States 
Canners League of California 
Florida Carmers Association 
Independent Biscuit Manufacturers 

Association 
International Association of Ice Cream 

îtonuf aoturers 
National Association of Food Chains 
National Association of Frozen Food 

Packers 
National Canners Association 
National Preservers Association 
Wisconsin Canners Association 



^ 9 - 

For eaoh produot mtê&t tmisláermiian in tías atudy^ an mitisiftt# haa 
been laade of the percentage of total United Statea produo*tion «hiob ia 
repreaented by Urn coi^aniea surveyed*    Such eatismtea are Ittaed i& part 
on the estimatea of the alK)ire*'Iiated trade aaaooiationa^ and in part on 
the proportion of w^ch groupie augar use repreaented by the c^>iBpaniea 
surveyed in each group*    Total sugar uee for each group mká uaag# of 
individual oos^aniea uraa that reported for purpoaea of eataMiehing 
rationing bases under the wartis» rationing program« 

In arriving at estimates of coverage of an industry by the ooaq^anies 
surveyed ^ tiie total produetlon of coiqpaiiies having siore than one plant ia 
included if the company official interviewed determined the anee tener 
policy for the entire company*    For exMiple^ an entire national organi- 
sation of a bread baking firm or ice-cream manufacturer may have been 
covered by one interview*    Similarly, if a soft-drink concentrate »»nu- 
faoturer either makea a finished sirup or stipulates the sweetener poliey 
of the franohised bottlers idio add all or a part of the aweetener, the 
total volume of production of that drink is included in arriving at the 
proportion of the industry covered*    However^ if the chain members or 
franchise holders make their own individual decisions with regard to 
types and aaaaounts of sweeteners, only the production of the firms or 
plants surveyed were included in arriving at percentages of coverage* 
For the major sweetener-containing products under consideration in this 
study, the estimated coverage, as a percentage of total United States 
production of the commodity, arrived at in this manner, is as followsi 

Bakery products (total)****** 40 to 45 
Bread only ••*•• * 55 to 60 

Canned foods •»••*•••*••••••• 30 to 85 
(Confectionery *••••••#*••*•«• 45 to 50 
Ice cream, aherbets, and 

ices *•••*•»•••>••«•••••••* 35 to 40 
FrojEîen fruits ••••*•••*•  55 to 60 
TreserveB  #••»••««••*•»•••*** 55 to 60 
Soft drinks • .*•*.* 70 to 75 

The firms whose officials were interviewed were selected to give 
adequate coverage of each segment of those industries which include 
different types of a product* For exaaçle, in selecting the confectionery 
manufacturers, care was taken to include companies iriiieh would give repre- 
sentation to all types of confectionery products, including creams, fondante, 
hard candy, caramels, nougats, marshmallows, etc* Similarly, soft-drink 
manufacturers were chosen 'rtiich would give adequate coverage ft>r all the 
major types of soft drink8-»*^ola, gingerale, root beert lemon, lime, etc» 
This, of oourae, is very important in many industries because the types 
and amounts of acceptable sweeteners vary considerably according to the 
particular type, or variety, of a product being produced* 
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Interviews with Researoh Groups 

In order to obtain firsthand information from those currently 
engaged in research on usage of the various sweeteners in processed 
foods, several food teohnioians and other research workers proininent 
in the food processing field were interviewed» Information obtained 
through discussions with these technicians has been coordinated with 
that received from the cosimercial food processors in reporting the 
current status of competition betweoa sugar and com sweeteners in the 
production of various products« Researoh organizations contacted 
includes 

New England States : 

University of Massachusetts Arthur D» Little Company 
Food Technology Division Food Chemistry Division 
Amherst^ Massachusetts Cambridget Massachusetts 

Tress1er Research Laboratory 
Westportj Connecticut 

Iftddle Atlantic States: 

New York Agricultural Experiment Sugar Research Fotmdation 
Station 52 Wall Street 

Food Technological Research Division New York 5, New York 
Geneva, New York 

Com Industries Research 
Cornell University Foundation 
Dairy Industry Department 1529 E Street, N» W# 
Ithaca, New York Washington 4, D» C# 

Lehigh University Pennsylvania Manufacturing 
Confectionery Researoh Division Confectioners Association 
Bethlehem, Pennsylvania Researoh Division 

Philadelphia, Pennsylvania 
Drexel Institute 
Home Economics Department National Dairies, Ino» 
Philadelphia, Pennsylvania Researoh Laboratories 

Oakdale, Long Island & 
N.Y.C., New York 

Freud Food & Chemical Laboratpries 
New Products Division 
New York, New York 

Southern Statesi 

U« S# Depai-tment of Agriculture Tennessee Valley Authority 
Citrus I^oducts Experiment Station        Singleton, Tennessee 
Winter HaTen, Florida 
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Southern States ((k>nt'd) 

United States Department of Agriculture 
Produetion and Marketing Administration 
Processed Fruit liispection Service 
Winter Havenj Florida 

United States Department of Agriculture 
Bureau of Agricultural & Industrial 

Chemistry 
Southern Regio^tl Hesearoh Laboratory 
New Orleans, IJOVLISíBXíB, 

Georgia Agricultural Experiment Station 
Food Technology Department 
Griffint Georgia 

Tennessee Agricultural Experiment 
Station 

Food Technology Division 
^oxville, Tennessee 

Florida Citrus Commission 
Research Division 
Lakeland, Florida 

National Dairy Council 
Tennessee Division 
Nashville, Tennessee 

North CeatTBl Stattest 

lÄiiversity of Wiseonsin 
Dairy Bösearch DepartmsKat 
I^^dison, Wisconsin 

Dunwoody Industrial Institute 
School Qt Baking 
818 Wayzata Blvd« 
Mizmeapolis 3, Minnesolm 

General Mills 
Food Technological Research Division 
lÛnneapolis, Minnesota 

American Institute of Baking 
Chicago, Illinois 

Technical Baking Institute 
Chicago, Illinois 

W* £• Long Coiapany 
Chicago, Illinois 

Western Statest 

Oregon State College 
Food Industries Division 
Corvallis, Oregon 

lÄiiversity of Califoamia 
Food Technology Division 
Berkeley, California 

National Canner s Associaticm 
Western Laboratory 
San Francisco, California 
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Siffgeteaer usage ~ 

JkamU^wís TÈms Tbeem imáe ot the effect of Federal smâ  s®leottrd Stete 
reptlati@a?B uppn the tjrpe amà/or  aaiount of sim^«ier used» Federal 
regîiïlatïons analyzed inclisde those of the Pood and Dm^ Jdtoi^iistration 
and the united State« Department of Agrtculiaire* States for which 
regulations concerning sweetener use were studied are Califomia, 
Colorado, Georgia^ Illinois, Iowa, Louisiana, Massachusetts, MLcMganp 
Hisfiissipfi, New Hampshire, Hew Mexico, New York, Ohio, Oregon,^ 
Pennsylvania, and Wisconsin» 

Definition of Sweeteners as Used in this Study 

SugarÍ A disacoharide, of the chemical formula Ci2H220llr derived from 
either sugarcane or sugar beets« As used herein, sugar mesns cane and 
beet sugar ah forms commonly suited to human consumption without further 
processing, namely, refined crystalline, liquid, invert, and other direct- 
consuîïÇïtion sugar. Maple sugar and com sugar are not included in the 
term sugar as used herein« 

Refined crystalline sugart Sugar of principally crystalline character, 
produced in a cane sugar refinery or a beet sugar factory« Included 
are all grades of refined crystalline cane and beet sugar, whether 
white or brown, granulated or powdered, except the other direct-consuiq)tion 
sugars described below« 

Other direct-consiuaption sugari Cane sugar produceà by factories which 
mill the sugarcane« These sugars are made directly from the sugarcane, 
instead of from raw sugar at a refinery, and are suitable for some uses 
without further refining« For the purposes of this study, direct-con- 
sumption sugar includes such types as "turbinados", "plantation granulated", 
and "washed raws", and not offshore refined sugar as defined in the Sugar 
Act« 

Liquid sugar: Sirups made from cane and beet sugar« Liquid sugar is 
of three principal types i (1) sucrose sirup, i«e«, just a solution of 
sugar in water, with practically no Inversion of the sucrose« This 
type is sometimes referred to as a "siiiç)le sucrose" sirup or merely as 
a "simple" sirupi (2) partially inverted sugar sirups, i«e«, products 
in which a portion of the sucrose has been "inverted", or converted 
into dextrose and lévulose, either by adding acid and heating or by 
the use of the enzyme invertase? and (3) highly inverted sugar sirups, 
i«e«, products in which a high proportion, or almost all, the sucrose 
has been converts«! into dextrose and lévulose« Although from 90 to 95 
percent of the sucrose may be inverted in this type, the product is 
still marketed in liquid form and is to be distinguished from the product 
known as invert supr«  The term "liquid sugar", iriiile familiar to the 
sugar trade, is not recogiized by the Food and Drug Administration as 
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being the coiamDnly used name for this product under the Pood, Drug and 
Cosmetic Aot#    The Food and Drug Administration does not believe that 
the consumng public is familiar with this term* 

Invert sugari    A sugar which is almost completely inverted, giving equal 
parts of dextrose and lévulose and little,  if any,  sucrose»    This product 
has a greater density than inverted liquid sugar and is congealed by the 
crystallisation of the dextrose»    The lévulose does not crystallize but 
remains in fluid form, thereby giving to invert sugar a creamy consistency» 

DextroseI    A monnsaccharide (CgHi20e) produced by practically complete 
hydrolysis or conversion of starch»    Since dextrose historically has 
been produced largely from com starch, it is ooramonly called **refined 
com sugar»^    It often is called merely "com sugar", although there are 
types of com sugar other than dextrose, these being the so*called crude, 
or 70*^ and 80*^ sugars, which are incompletely refined and used largely 
for hrmriskg and non-food products»    To -Üie chemist the name ^'glucose'* is 
synonymous mtiai ^dextrose**, but to the layman glucose usually means com 
sirup or a glucose-type sirup produced from sorghum, wheat, or potato 
starch»    Dextrose is of two principal types, hydrate and anhydrous»    The 
bulk of the dextrose produced is of the hydrate type which contains 
approxljmtely 8 percent moi s tur ej the anhydrous type contains less than 
0»5 percent moislnare» 

Com sli^pt    A product obtained from com starch by partial hydrolysis, 
clarification^ dei^lorisation, and evaporation to sirup density»    In 
general, there are lâiî^e commercial classifications of com sirup, iriiich 
vary according to dextrose equivalent, <D»E»), the total reducing ''^gar 
content calculated as dextrose on a dry basis»    These three e'ïi^ssifi- 
cations are Imr, regular or medium, and high conversion, with the D»E» 
usually bela« from 28 to 33 for the low conversion type, from 40 to 43 
for the regular conversion type, and from 52 to 65 for high conversion 
sirups*    lîKiiy 3^®fl» <M>nsider the expression "glucose** synonyia)üs with 
com sin^»    Another term used in the trade is C»S»U», meaning '*com 
sirup unmixed»'** 

Com sirup solMsj Essentially a dehydrated com sirup» Most of the 
water in the sirup is removed, thereby permitting it to be i«Lcked and 
sold in be^s» 

Molasses > The edible co-product of the manufacture of sugar ini&a morm^ 
but usually not all, of the crystalliaable sugar in the sugarcane juice 
is removed by the crystallization process» As used in this report, the 
term molasses means only the types commonly used for edible purposes» 

Sirups ;    (a) Refiners *  sirup—An edible, liquid co-product obtained 
when crystalline sugar is produced in the process of refining raw 
cane sugar»    The total soluble solids content of refiners» sirup ccaa- 
sists of more than 6 percent of soluble non-sugar solids» 
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(b) aigareaae Birmp, 0orga ( sorghum) sirup» and m^ple gírup^r- 
Sirwpa produced direetly trom the plant juiee or sap by clarifying œd 
iCTK^ratiag eaiy to the poiat nfeere the sugars ¿to aot orys'tolli^ out 
©f soMtlcm • 

(o) Itelt slrnf^ and isalt e3Etraets*^T3i0 e^ro^rat^^ ex-^^mot« of^ 
isalted barlenyp ^^jally suppl«iafflEi-tod by the use of mmm cor® ¡«ro&iot» 
There are tu© diatînotly different typest    Diaatatio sod noii-diasta-Kte^ 
the former containing the en2;^3ie diastase^ wliicl^ conirerts staréh to 
Mfcltoae (malt sugar)» 

(d) Wheat sirups eaad potato sirups—»Glucose^'^typie sirmp« Mbde 
from the partial hydrolysis of iñtmm^ or |¿tato starok«^ 
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SUPPLY, DISTBIBÜTION, AND USAGE OF SWEETÏNERS BT THE UNITED STATES 

Sources of Supply for Sugar and Com Sweeteners 

Sugar - Vnited  States sugar supplies are obtained largely from sugar beets 
growi in the Mid-west, Rocky Mountain States, and the West Coast, from 
sugarcane produced in Louisiana and Florida, and inshipments of sugar from 
Haimii, Puerto Rico, Cuba, md the Philippines* Small amounts of sugar 
also are received from the Virgin Islands and from foreign countries other 
than Cuba and the Philippines* Since 1934, except durijig World War II, 
the entry of sugar into the continental United States from foreign areas 
and the marketing of sugar by domsstic areas has been regulated by a 
system of quotas^» 1^ 

Legislation now in effeot~the Sugar Act of 1948~provides basic 
quotas in short tons of raw value for the domestic areas as follows s 
Domestic beet area, 1,800,000| mainland cane area (Louisiana and Florida), 
500,000| Hawaii, 1,052,000| Puerto Rico, 910,000; and the Virgin Islands, 
6,000» A basic quota of 952,000 short tons of sugar (982,000 short tons, 
raw value) also is assigned to the Republic of the Philippines Twhich is 
in conformity with a provision to that effect in the Philippine Trade Act 
of 1946. The difference in the sum of these basic quotas and the amoxmt 
of sugar deterïûined by the Secretary of Agriculture to be needed to meet 
the sugar requirements of consumers in continental United States for a 
specific year is allotted to Cuba and to foreign countries other than 
Cuba and the Republic of the Philippines on the basis of 98#64 percent 
and 1«S6 percent, respectively*  In addition, when one area cannot fill 
its quota, the unfilled portion is prorated to other areas irtiich can 
supply the sugar. 

The Sugar Act limits to about 600,000 short tons, raw value, the 
portion of the quotas for Haimii, Puerto Rico, the Philippines, and Cuba, 
which may be filled by sugar ifshich is brought into the continental United 
States and marketed for direct consumption without further refining or 
other improvement in quality» This sugar may be fully or partially re- 
fined or in raw form. The Act also establishes liquid sugar quotas in 
terms of wine gallons of 72 percent total sugar content for Cuba and the 
Dominican Republic, of 7,970,568 and 830,894, respectively» Such liquid 
quotas for Cuba and the Dominican Republic are in addition to the other 
quotas for these areas» 

Most of the raw sugar entering the continental United States from 
offshore domestic areas and from foreign countries is refined in or near 
the seaport cities of Boston, New York, Philadelphia, Baltimore, Savannah, 
New Orleans, Galveston, and San Francisco. Smaller-scale sugar refineries 

L/ Quotas suspended September 11-Deoember 31, 1939 and April 13, 1942- 
Deoember 31, 1947» 
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also íire located at Los Angeles, St# Louis, Milwaukee, Chicago, and 
Indianapolis» The locations of U« $• sugar refineries operating on 
January 1, 1951 are shown in Figure 1 and are listed in the Appendix* 

Raw sugar nsade from sugarcane produced in Louisiana is refined by 
the nine refineries located in the State* (These refineries also process 
offshore raws*) A few of the raw sugar ißills in Louisiana produce direct- 
consumption types of raw sugar largely as a joint product with the pro- 
duction of edible sugarcane molasses« ]\fost of the sugarcane grown in 
Florida is processed into raw sugar by mills located there» It is than 
shipped to and refined at Savarmcüi, Ga« A very small amount of direct- 
consumption sugar made from Florida sugarcane also is marketed by the 
Florida mills» Sugar beets grown in the United States are processed in 
73 sugar beet factories (1950-51) located in 16 states as shown in 
Figure 1» 

Com Sweeteners - Com sweeteners are produced by the manufacturers of 
com starch» The manufacturing group as a whole is termed the "wet com 
milling industry" because large quantities of water are used in separating 
the various parts of the com kernel» The manufacturers are also identi- 
fied as "com refiners" because the chemical process of deriving dextrose 
and com sirup from com is essentially a refining process» Z/   The wet 
com milling plants are located principally in the Mid-west near sources 
of grain supplies»  (See Figure 2) 

The principal products of the wet com milling industry are com 
starch, com sirup, and com sugari the most important by-products are 
oil, hydrol (com-molasses), feeds, and dextrlns» The com sugars may 
be completely or partially refined; the completely-refined sugars are 
called dextrose, and the partially-refined ones are termed crude sugars, 
or "70 and 80 sugars»" ^ 

Com sirup may be made at different densities and with quite a 
variation in degree of conversion» Most corn sirup is produced at 
densities of 42*^ to 45*^ Baume, with the bulk of the production being 
at either 42° or 43^» In terms of degree of conversion, (from starch 
to sirup) com sirups may be of low, regular, or high-conversion types» 
Low and regular conversion com sirups are made with straight acid 
conversion, while high-conversion com sirups may be made either by 
that process or by a combination acid-enayme process»  It is estimated 
that about three-fourths of the com sirup production is of the regular 
conversion type, described herein as "regular com sirup»" Com sirup 
may also be dried and marketed in a solid formi such a pi^duct is known 
commercially as "com sirup solids»" 

2^ The plant at Corpus Christi, Tex» uses grain sorghums rather than com» 
Zl   See page 13 for explanation of terms» 



Figure l.~Cane sugar refineries and beet sugar factories, united States, 1950-51. 

Source:    Appendix, Tables 32 and 33. 
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Figure 2*—Location of corn refineries and type of sweetener produced. United States, 1950-51. 

Source: Appendix, Table 34» 
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Total Sweetener Distribution Domestically 

Tre-^ytaT Period ^ Quantity-msej  sugar is by far the most Important of 
all the sweeteners•    From 1935 to 1939 annual cane and beet sugar avail* 
able for United States consumption averaged about 126#5 million 100-pound 
units, as produced»    Dextrose distribution during this period averaged 
only about 2»4 million bagtí each year, while annual sales of com sirup 
were about one billion pounds•    Smaller quantities of other sv^eteners, 
such as Baple sugar and sirup, honey, molasses,  sugarcane sirups,  and 
refiners»  sirups also were available to United States consumers durñjig 
these years•    (See Table 1) 

World Yiar II Controls Period - The amount of sugar available for united 
States consumption during the period 1943 through 1946 was reduced con- 
siderably,  largely as a result of the loss of supplies from the Philippines, 
because of shipping difficulties and because of the need for supplying 
other countries with a portlcm of the total sugar available»    On the 
other hand, even though com supplies available to wet com millers for 
grinding were allocated during World Yiar II, the wet*process grind during 
this period was considerably above the 1935-39 level»    The wet millers 
ground from 60 to 80 million bushels of com annually prior tc World 
War II#    (See Figure 3)    The average grind for domestic use for 1935-39 
equaled 65»9 million bushels»    During the war years of 1942 anid 1943 the 
grind for domestic use exceeded 122 million bushels or 186 percent of 
the pre-war average»    Reductions in com supplies during 1944, 1945, and 
1946 resulted in a reduction in grind to about 115 million busiiels» 

Annual sales of dextrose and com sirup followed the general pattern 
of the com grind of the wet milling industry during the wartime years. 
Com sirup sales reached a peak of over two billion pounds in 1942, 
almost double the 1935-39 average; while dextrose sales in 1942 were 
2t times the average for the five years ending in 1939.     (Table 1) 

Post-war Period - Total sugar supplies available for United Statea con- 
sumption after 1946 have exceeded those which prevailed before World 
War II and in 1960 equaled more than 148 million bags»    With the 
resumption of plentiful sugar supplies after World War II, the volume 
of com sirup sales dropped sharply.    Monthly data on sales of com 
sirups reveal that sales of this product started their slide in June of 
1947 and continued almost without interruption for about a yeari îvfey 
1948 sales wer© only a little more than 89 laillion pounds,  less than 
half of those for the correspondinr mbnth in 1947.    The principal reasons 
for the sharp decline in com si,up  sales during this period were the 
discontinuance of sugar rationing to industrial users in July 1947,  and 
the collapse of demand for mixed table sirups during the latter part of 
tlmt year»    Although com  sirup sales recovered somewhat ,in late 1948 
and early 1949,  they were in both years much below 1946-47 levels'* 
However,  com sirup sales during 1950 were at the rate of 143»5 percent 
of the pre-war period of 1935-39•    In contrast to the drop in com sirup 
sales with the end of the World War II sugar shortage, total sales of 
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Table 1 «    QÜMTITIES OF SWEETENERS AVAIUBLE FOR DOMESTIC COKSPMPTIQK, OTITED STATES 1985^50 

I 

(100 Pound Units, as produced) 

Cane Simp 
.     C3om       . 

2/     Sirupe 
and Edible Refiners « Ifeple Jlaple Sorgo 

Year Sugar 2/ Dextrose Molasses   ^ Sirup Sirup Sagar Honey Sirup 

1956 125,725,367 1,685,494 9,124,820 3,591,360 294,170 402,160 51,610 1,600,550 2,146,914 
1956 128,014,731 2,167,720 11,222,246 3,679,870 283,160 267,190 69,280 1,787,290 1,874,565 
1937 126,413,755 2,445,600 10,087,543 3,567,500 276,010 275,650 66,290 1,628,450 1,494,108 
1938 126,192,813 2,667,356 10,403,664 5,460,510 292,180 505,140 46,510 2,219,950 1,441,556 
1939 126,204,924 5,205,911 10,874,186 5,084,560 123,060 505,160 99,880 1,805,160 1,517,508 
1940 125,270,779 3,614,604 10,826,785 3,586,260 189,980 332,510 45,210 2,051,020 1,177,984 
1941 140,987,997 5,154,964 12,159,445 2,483,530 282,220 242,990 50,150 2,265,750 1,167,540 
1942 122,789,683 6,089,517 20,118,821 3,614,680     . 710,000 568,610 77,750 1,985,590 1,220,604 
1945 118,655,002 5,940,626 17,900,574 5,165,870 1,386,120 292,950 51,540 2,280,620 1,585,584 
1944 134,775,792 5,538,814 18,064,489 4,005,860 1,722,370 500,410 44,480 ,135,510 1,570,754 
1945 113,598,509 5,682,762 18,267,580 5,507,740 2,531,400 121,530 41,960 L, «559,040 1,545,460 
1946 105,221,787 5,567,669 17,606,684 5,129,980 1,677,720 168,500 45,790 2,355,510 1,157,676 
1947 132,615,944 6,428,897 19,392,133 4,560,520 1,131,920 275,660 45,690 2,476,670 1,178,577 
1948 142,468,573 6,121,464 12,945,199 3,046,280 445,560 207,900 64,680 2,044,800 1,157,098 
1949 144,482,587 6,462,651 13,712,657 2,157,950 589,810 218,790 75,860 2,554,520 885,508 
1950 l€y.968,578 7,287,524 14,840,945 2,142,170 591,670 266,620 54,410 2,425,530 694,586 

l/    Sugar Branch, PMâ#    Refined and direct-consuaçtion sugar, delivered weight«    Include« deliyeries for 
Armed Forces« 1942«*44 includes imports of flavored and colored dirups from Cuba and Mexico«    Adjusted for 
net change In invisibles«    (See Table 35, p« 174 ) 
Z^   Reports of com sugar refiners to Sugar Branch, PMA«    Includes intra-company transfers! excludes siaall 
quantities of household«-sise packages« 
^   Reports of sales by com refiners to Price-Waterhouse, distributed through Grain Branch, PMà« 

^   Source«    Sugar Branch, PMA«, See Table 36, p« 175e 



1^3ctros6 sales slty^^dprecl^ltimsly <faîdng 3Äi;e 1947^ {i^wd^ 
sugar raticaaing to industrial users ims disecmtiiaued) and SM-ly 1948, Imt 
had recoTOred sig^ifieaatly by the summer of 1948.    Sales of this sweetœer 
during 1950 wre 7*3 Ml lion bags (lOO-pound mits) or sa)*0 peroaat of 
the 1935*-S& arera^. 

Per Capita Sroetener Usage - 3n TaMer 2> öomparisoa is Mtde of läie relatif 
per capita usage of sugar, com sirup imddexfcrose from 1935 though 1950. 
Total priiaary sweetener usage per capita has increased from 106#6 pounds 
per oapita, 1935-59, to 109.6 pounds (dry basis) during 19a3,    per capita 
dextrose distriîmtion has niore than doubled said per capita com sirup 
distribution has increased from %.b pounds to 8.1 poimds (diy basis). 
ftïnTOrsely, per capita sugar distribution has decrea        since «le pre-war 
period.    Clearly, from the standpoint of the individual consmaer, total 
sweetener consuinption has increased since the pre-war period.    Ho^roTer, 
com sweeteners haire replaced su^r In foods to the extent that per capita 
sugar consumption has slightly decreased.    The increase in per capita com 
sweetener usage is explained by -ttie expanded industrial production of   _ 
prepared foods containing sweeteners in the past fifteen years» 

Total Industrial Ueage of the Priimry Sweeteners 

Ifadustiy's Share of Total Sugar Distribution - Since the purpose of this 
study is a con^ariscm of the use of sugar aid com sweeteners in processed 
food products, the relative importance of the principal sweeteners cm be 
better detenained by excluding from total sweetener usage ^e quflffititiea 
of sugar used for direot consumption by households,  restaurto^      and 
institutions.    Practically all the dextrose and corû sirup is used in 
processed foods»    Figure 4 presents the relatiTe usage of sugar by industry 
and/ other users for «le years 1935, 1939, and 1950.^^^^ I^^^^ from 
eensus data amilable, that in 1935, almost three-fourths of the sugar 
consxuaed in this country was distributed directly to households, restaurants, 
and institutions, while in 1939, only two-thirds of the sugar consumed was 
distributed to this group.    During the war, the industrial user became the 
important consumer of sugar and remained so after the war, consuming ex^ 
estimated 51 percent ef all sugar distributed in 1950. 

As shown in Figure 5, of the total TOlume of sugar deliwred for 
domestic consumption in 195Q by primary distributors, approximately 41 
percent was deli-verod directly to '«*iolesale grocers,  jobbers, tód sugar 
dealers! 16 percent to retail grocers, chain stores, and super markets, 
and 43 percent to industrial users, hotels, restaurants, and^institution 
Almost all of the sugar delivered directly to the retail category is 
crystalline sugar in consumer-size packages m.^ moves on to the household 
consumer.    The balanoe of household purchases (24 percent) comes from the 
wholesalers via the retailer. 

The percentage shown for sugar moving from wholesalers to retail 
grocers is exclusive of the quantities of sugar used by the latter in 
the manufacture of food products»    Insofar as chain store retailers - 
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Table 2    -    P0HJLATIC3Í  1935-1950, MD PER CAPITA SWEETSiiER COiaJMPTION  IN  THE CONTINENTAL 
___^___  UNITED STATES,  1935-1950 

in 
CM 

Calendar 
Population l/ 
(thousands) 

Year Sugar 

1935 127,250 98.8 
1936 128,053 100,0 
1937 128,825 98,1 
isse 129,825 97.2 
1939 130,880 96.4 

5 yr» 128,967 98.1 
Aver. 

1940 131,970 94.9 
1941 133,203 105.8 
1942 154,665 91,2 
1943 136,497 86.9 
1944 138,083 97.6 
1945 139,686 81.4 
1946 141,229 74.5 
1947 144,00.2 92.1 
1948 146,571 97.2 
1949 149,215 96,8 
1960 ^ 151,772 96.8 

IT 
Sufeetener consumption per capita, in pounds  
Dextrose C. S. U.    s/ Total constiaytion including 

Wet basis    Dry basis'       C.3.TT. WetC.S,ü. Dry 

1.3 
1.7 
1.9 
2.0 
3.2 

2.0 

7.2 
8.8 
7.8 
8.0 
8.3 

8.0 

2.7 8.2 
3.9 9,1 
4.6 14.9 
4.4 13,1 
4.0 13,1 
4.1 13.1 
3.9 12.5 
4,5 13.5 
4.2 8.8 
4.3 9.2 
4.7 10.1 

5.8 
7.1 
6.3 
6.4 
6,7 

6.5 

6.6 
7.3 

12.0 
10.5 
10.5 
10.6 
10.0 
10.8 
7.1 
7.4 
8.1 

107.3 
110.6 
107.8 
107.2 
107.9 

108,1 

105.8 
118.8 
110.6 
104.4 
114.7 
98.6 
90.9 

110,1 
110,2 
110.3 
111,6 

106.9 
108,8 
106,3 
105.6 
106.3 

106,6 

104,2 
117,0 
107,7 
101.8 
112,1 
96,0 
88.4 

107.4 
108.6 
108.5 
109.6 

i/   Official estimates of Bureau of the Censusj includes military personnel» 
2^   Beet and cane sugar, as produced; adjusted for invisible stocks and including deliveries to armed 
forces. 
^   Com Sirup Unmiaced. 
^   Prellmijiary 



purchasa sugar for the manufacture of food products, they are cohered by 
the 17 percent deli^vered to industrial users and hotels, restaurcûits, and 
institutions by wholesalers« 

The trend which has established industi^ aw that segment of our 
economy using the largest proportion of sugar distributed iñ the united 
States, explains in large laeasure the decrease in per capita consuiaption 
of sugar» The household consuiaer, to ndiom only negligible quantities of 
002^ siroeteners are sold, now purchases a larger proportion of his sugar 
in the form of processed foods produced by industries ^^^"^ only 
sugar but com sweetaaers as well# Thus, it is that dextrose and cona 
sirup oonsuB^tion relative to sugar consumption has inoreased in the total 
economy. ï^uradoxicaily^ industrial usage of corn sweeteners relative to 
industrial sugar usage has not increased since 19g5-S9 and this is discussed 
in the following secti<m* 

Trends of Total and Relati?e Sweetener Usage by Industry - Figure 6 presents 
the general trend of primaiy sweetener usage by industry in the past 16 
yewsv M iJficreased usa^^   noted bétwe^i 1935 and 1950 for each type 
of simetener, sugar usage having increased from 35 million to more than 
75 millian bags, coin siarup usage from 9» 1 to 14r8 million \mits (wet basis), 
«oad dextrose usage from 1#7 to 7«3 million bags» As showi, dextrose usage 
has increased relatively more tlMsn that of either sugar or corn sirup and 
sugar usage relatively more than that of corn sirup« 

A clearer picture of the relative importance of the individual pri- 
mary sweeteners to ijadustry is presented in Figure 7# In 1950^ of the 
to tal primary sweetener usage by industry, sugar represented 77» S percent, 
dextrose 7*5 percentji and corn sirup 15»2 percent*  Census and Sugar Branch 
data available for pi^-war years and for 1950, respectively, indicate a 
slight increase of sugar usage relative to total corn sweetener use» 

The tise of dextrose relative to total s^^      used by indiaistry 
has ijicreasedi from 3» 6 percent to 7» 5 percent from 1935 to 1950, During 
the war, the use of dextrose was an even higher percentage of total 
sweetener use by industry, equaling almost 8 percent in 1942« 

Corn sirup, unmixed^ represented 20 percent of total sweetener use 
in 1935« Except for the war period, total usage of com sirup relative 
to total sweetener usage by industry has declined and now equals only 
15 percent of total sweetener usage* During the war, industry fell back 
upon this sweetener as a primary substitute for sugar to such an extent 
that the usage of com sirup eqiialed as much as 26 percent of the total 
in one year, 1942* 

Industrial Usage of Sweeteners, by Type of Sweetener, 1935-50 

Sugar - The baking and cereal products industry has been and remains 
the largest industrial user of refined sugar* Sugar usage by manufact- 
urers in this category equaled IS*2 million lOO-pound xmits in 1939 
and Increased to about 19*5 million units in 1950* (See Figure 8) 
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The beverage industry which used an estimated 17»0 million xmits in 1950, 
ranks second in importance. Although the confectionery and related 
products industry was a larger sugar user thtm the beverage industry prior 
to World V/ar II, it used two million units less than the beverage industry 
in 1950» Manufacturers in the category "Canned, bottled, frozen foods, 
etc**' have greatly increased their sugar usage since pre-'svar and used an 
estimated 13«3 ndIlion units in 1950* As shown in Figure 8, the above 
four categories used 64*4 million lOO-pound units of sugar in 1950, or 
more than 85 percent of all sugar consumed by industry« 

Although the baking and confectionery industries have increased their 
sugar usage since 1935-39, their usage as a percent of total industrial 
sugar usage has declined since pre-war« In 1935, the two categories to- 
gether used 62 percent of all sugar consumed by industry; by 1950, their 
usage had dropped to less than 46 percent of the total« The manufacturers 
in the combined categories of "Beverages" and "Canned, bottled, frozen 
foods, etc«" increased their share from 26 percent of the total in 1935 
to 40 percent in 1950« 

In 1950, as shown in Figure 9, total industrial usage of sugar was 
84 percent greater than in the 1935-39 period« lYhile all categories of 
sugar users increased their usage over pre-war, the most significant 
increases are noted in the categories "Beverages", "Canned, bottled, 
frozen foods, etc«" and "ïAiltiple and all other food uses«" The sugar 
usage by the ice-cream and dairy products industry increased in slightly 
greater proportion than total industrial usage róiile the sugar usage of 
bakers and confectioners showed a less proportionate increase than did 
other industries« Nevertheless, bakers in 1950 used 156 percent as much 
and confectioners 138 percent as much sugar as they used during the period 
1935-39« 

Dextrose - The baking Bná  cereal products industry is by far the largest 
purchaser of dextrose, using 4«2 million 100-pound units, or 58 percent 
of Idle total dextrose sold in 1950 (See Figure 10)« The confectionery 
industry, second largest purchaser of dextrose in 1935, now exceeds in 
dextrose usage only the ice cream and dairy products industry« In con- 
trast, the manufacturers in the categories "Beverages" and "Canned, 
bottled, frozen foods, etc«", which together used only 186 thousand units 
of dextrose in 1935, expended their usage during the World War II control 
period and now use 1«6 million units, or more than 22 percent of total 
dextrose sales in 1950« The ice cream and dairy products maiiufacturers, 
like confectioners, used rauchmore dextrose in 1950 than before the war, 
yet purchased a smaller percentage of the total dextrose sold to industry« 

The use of dextrose by all industries in 1950 equaled 300 percent of 
pro-war usage (See Figure 11)« The greatest increases in dextrose  usage 
occurred in 1941 and 1942j it has been more gradual since thmi« The 
greatest increase in dextrose usage is noted in the category "îâiltiple 
and all other food uses", which purchased 678 percent as much dextrose 
in 1950 as in the pre-war period« The categories '•Non-food products" 
and "Canned, bottled, frozen foods, etc«" follow in order of increased 
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usage« Usage by the beTerage manufacturers, which in  1946 increased to 
463 percent of pre-war usage, declined somewhat in 1948, and in 1950 
equaled 321 percent of pre-war. The remaining categories increased their 
usage but to a lesser extent than the four categories abOTe« 

Com Sirup TTnialxed - The "Confectionery and related products" group is 
the predoHiinant user of com sirup, pxurchasing 7%6 rdllion 100-pound 
units in 1950, or 51 percent of the total com sirup sold* (See Figure 12) 
The blended sirups industry j^, which ueed alaost 29 pereent (3«1 laillion 
xmits) of the com sirup sold àuring tíie pre-w8ir period, increased its 
purchases during the World War II control period to siDre than 6»S ndllion 
units in  1942, the peak year. However, sales of blended sirups collapsed 
during 1947, and the blended sirups industry used less com sirup in 1950 
than was used in 1939 and only 23 percent of total com sirup usage. 
Purchases of com sirup by manufacturers in the reBiairiing categories are 
small compared with those of confectioners andisirup blenders and, except 
for the baking industry, no other category purchased as much as seven 
percent of the total in sny year of the period 1935-S0# |^ 

Relatively little change in com simip usage took place prior to 
1942 except in the ice cream industry» World War II gave great impetus 
to sales of com sirup to all types of buyers except brewers. (See 
Figure is) Even though purchases of com sirup declined generally 
following the end of war controls in 1947, the overall usage of com 
sirup in 1950 equaled 143.5 percent of prewar usage. 

The greatest variation in com sirup usage has occurred within the 
ice cream and dairy products industry. In 1942, the manufacturers in 
this category used 87 tiirtôs the corn sirup used during pre-war. Even 
though their usage has declined since the war control period, and equals 
less than 3 percent of total com sirup usage, these manufacturers used 
in 1950 more than 30 times their pre-war usage of com sirup» Similarly, 
the manufacturers of soft drinks, "who used negligible quantities of com 
sirup during 1935-39, used 322 thousand units in 1942» Bbwever, unlike 
ice cream manufacturers, the soft drink manufacturers have used only 
relatively minor quantities of com sirup since the war» 

Appreciable increases in com sirup usage are noted in one other 
category, "Canned, bottled, froaen foods, •*c»*'» Usage by these manu- 
facturers equaled 568 percent of pre-war in 1950» Ctaly one type of 

4/ For dextrose and sugar usage, this Industry is included under the 
categoîry "Multiple and all other food uses»" 
^   There has been, in recent years, a growing interest in the use of 
com sirup solids, particularly within -üie ice cream industry» Figures 
on solids usage are not available and are not included in the com sirup 
figures of this chapter» However, the use of com sirup solids is dis- 
cussed in a subsequent chapter» 
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manufacturer, the breirer, showed no inorease of com sirup usage in the 
post-owar period as con^ared with pre-war« His usage in 1960 equaled 
99 percent of 1935-^39 usage« 

Industrial Usage of Sweeteners» by Type of Industry 

Bakery and Allied Products «■ The baking industry during the 16-year 
period ^1955-^0} has relied heavily on sugar as the chief sweetenla^ 
ingredient in its products* As shown in Table 3, sugar usage for this 
period has averaged 15 aillion 100-po\ind units, or 79 percent of total 
sweetener usage« Prior to the war, sugar represented between 84 and 88 
percent of total primary sweetener usage« In 1950, the industry used 
19«5 million units of sugar, 79 percent of total sugar, com sirup end 
dextrose^ U8ed# During the war years, sugar usage was smaller than in 
either of these periods daw to the short supply situation« The low point 
In sugar usage (as a percent of total sweetener usage) occurred in 1942 
nAien com sweetener purchases represented 29 percent of total sweetener 
usage« In that year the sharp rise in COXTI sirup purchases was comn^n- 
surate with the fall In sugar usage« Since that year, there has been a 
decline in corn sirup purchases and, as a percentage of total sweetener 
usage, com sirup piar chases by the industry have fallen almost to 1959 
levels« In 1960, the Industry used slightly more than 1«0 million units 
of com sirup representing 4«5 percent of total sweetener usage« 

Dextrode usage by the baking industry has increased steadily« Except 
for the period 1944-46 when slight decreases in usage occurred, the quan- 
tity of dextrose used has increased year after year« Prom an average 
usage of 1«5 million units in 1935-39, the baking industry usage increased 
to 4«2 million units of 100 pounds in 1950« Not only has dextrose usage 
inoi^eased by absolute quantities, its usage by the industry has increased 
relative to sugar usage« As a percentage of total sweetener usage, dex- 
trose purchases have increased from less than 11 percent in 1936-39 to 
17 percent in 1950« Combined dextrose and com sirup usage represented 
21 percent of total sweetener usage by manufacturers of bakery and allied 
products in 1960« 

Confectionery and Related Products - The confectionery industry used 
approximately the same relative quantitiea of sugar, dextrose and com 
sirup during 1948-1950 that they used during the pre-war period, 1935-39 
(See Table 4)« Sugar usage increased from 10«9 million 100-pound imits 
in 19S9 to 14« 7 million units in 1950 and equaled approximately 65 per- 
cent of total sweetener usage in each year« Dextrose purchases are 
small and have equaled less than two percent of total sweetener usage 
during any normal period of supply« Com sirup usage increased from 
5«7 million «aits in 1939 to 7«6 million units in 1950, approximating 
one-third of total sweetener usage in both years« With the exception 
of the war-time rationing period, the confectionery industry has shown 
a fairly stable relationship in sweetener usage, continuing to use in 
1948-50 the same relative quantities of each type of sweetener 
as in the pre-war years« 
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Table 3 — Bskers* Usage of Sugar, Dextrose and Com Sirupe^ United States^ 

(Thousands of 100-pound units) 

j Í Percent of s ""^   t Percwit of % »Percent * 
Year  ; Sugar  »      Total      » Deactrosei      Total        t Com Sirups;of totalt Total 

1935  11*500 

1936 

19 S8 

n«a« 

1937  12,700 

n»&« 

1939 13,180 

1940 13,830 

1941 14,670 

1942 12,900 

1943 13,830 

1944 14,210 

1S4S 14,390 

1946 14,110 

1947 16,920 

1948 18,800 

1949 19,460 

19503/ 19,460 

87.6 1,162 8*8 471 3.6 13,133 

1.472 ■ -: í^"-^ _- 674 ' y '-:. ^     -    . 

85.8 1,651 10.6 550 3.7 14,801 

•i   _ - 1,625 /    -'-:   :, 560 - : - : -     -:- 

84,6 1,816 11.7 580    - 3.7 15,576 

85.7 2,119 12.8 580 3.6 16,529 

81.2 2,720 16.0 678  ; 3.8 18,068 

71.2 3,045 16,8 2,156 12.0 18,101 

73.9 3.139 16.8 1,739 9.3 18,708 

75.3 3,052 16.2 1,615 8,5 18,877 

76.0 2,888 15.2 1,667 8,8 18,945 

76.9 2,684 14.6 1,555 8,5 18,349 

76.6 3,669 16,2 1,592 7.2 22,081 

80.7 3,504 15.0 1,010 4.3 23,314 

80.7 3,660 15.1 1,007 4.2 24,117 

78.7 4,205 17.0 1,058 4.3 24,723 

n»8» - not available 
\/   Preliminary 



. 59 - 

Tábl« 4 — Ccmfectionery and Related Produets Usage of Söpir, 
Dextrose and Corïi Sirup, United States^  19S5-50 

(Thousands of 100-pound units) 

t 
Year î Sugar 1 

Perc«it of» 
Total  1 Dextrose: 

Percent of 
Total 

1 
: Com Sirups 

»Percent t 
tof total»Total 

193& 10,370 68.0 161 1.0 4,724 31.0 15,255 

1S36 n«a« - 222 -- 5,647 M* - 

1937 10,750 64.9 231 1.4 5,687 33.7 16,568 

1938 n«8« - 238 - 5,606 - - 

1939 10,900 64.7 270 1.6 5,671 33.7 16,841 

1940 11,870 65,6 269 1.5 5,947 32.S 18,086 

1941 13,360 66.3 311 1.6 6,496 32.2 20,167 

1942 11,680 58.2 654 3.2 7,745 38.6 20,079 

1943 11,960 59.0 521 2.6 7,786 38.4 20,267 

1944 13,740 62,1 480 2.2 7,895 35.7 22,115 

1945 12,520 60.6 438 2.1 7,716 37.3 20,674 

1946 11,310 58.6 452 2.3 7,566 39.1 1&,318 

1947 12,990 60.0 447 2.1 8,189 37.9 21,626 

1948 13,940 65.2 290 1«4 7,146 33.4 21,376 

1949 14,030 65.1 291 1.4 7,221 33.6 21,542 

19502/ 14,690 65.0 323 1.4 7,596 33.6 22,609 

n*a# - not available 
l/   Preliminary 

954135 0—51- 
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îhe Beverage Industry - Sugar usage by the beverage industry almost 
quadrupled since 1936« As showi in Table 5, the industry has used sugar 
to the extent of 88 to 95 percent of total sweetener usage in its pro- 
ifcrcts from 1935 through 1950# Dextrose usage by the industry has increased 
to six times the 1935 usage in absolute quantities and to a much lesser 
extent as a percentage of total sweetener usage* Corn sirup purchases by 
the industry in 1950 approximated those of the pre-war period, but as a 
percentage of total sweetener usage, were less thaa 4/l0 of pre-war usage. 

The figures in Table 5 combine the sweetener usages of the alco- 
iKïlic and non-alcoholic beverage industries» These bombined figures re- 
quire further explanation because of the uses made of specific sweeteners 
by individual segments of the industry« Manufacturers of soft drinks, 
extracts and flavored sirups use between 95 and. 97 percent of all sugar 
consumed by the beverage industries, while brewers and other manufacturers 
of alcoholic beverages use practically all of the com sirup and between 
40-45 percent of the dextrose moving into the manufacture of beverages« 
The usage of com sweeteners in alcoholic and non-alcoholic beverages is 
shoim in Table 6# 

JPrior to World War II, com sirup sales to soft drink manufacturers 
were negligible. Exigencies of the war induced many manufacturers to 
«upplement their sugar rations with other sweetening agents in order to 
2iasi3ntain volume of production. Thus, com sirup was used in relatively 
large quantities until rationing was discontinued. 

Dextrose sales to the beverage industry have increased tremendously 
sijioe the pre-îwar period, primarily to soft drink manufacturers. Sales 
ito alcoholic beverage manufacturers have increased 77 percent since the 
1936-39 period, while sales to non-alcoholic beverage manufacturers in 
19Ä) wer# more laian 9 times those of the pre-war period« 

I^ss than one-third of the total sweeteners used by the alcoholic 
l)e^»rage manufacturers in 1950 was sugar; the non-alcoholic beverage 
industry used approximately 97 percent sugar and 3 percent com sweet- 

Canned» Bottled, Frogen Foods, Jams, Jellies, Preserves, etc» - Total 
usage of sugar, com sirup and dextrose by these manufacturers amounted 
to 15,1 Million lOO-pound units in 1950 and was more than twice as large 
a« total us€^e in the 1935-39 period. In 1950, sugar represented 88,1 
per^eaat of total aweetaner usage and dextrose and com sirups usage 
a^oiin*ed to 5,3 and 6,6 percent, respectively, of the total. The quantity 
of ^^im «weeteners used was almost six times that used in 1935-39 and 
sugar usage was mora than double that of the pre-war period. However, 
1BM>  sugar ««age represented a slightly smaller percentage of total 
siisetonetr usage mad oom sweeteners a larger perctmtage than in the 1935-39 
ÍNBüriCMl* (See Tabl« 7) 
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î&bl© 5 •- Beverage Industry ÜSÄg# of Sir€i^fe@m#rSp Wmiteà StetoeSj^ lt3^-60 

I 
Year t 

Perceot. of» 
Total      t Beoctrósev letal 

19S& 4,560 »9.4 140 2»7 403 M ?•& S^^MSI/ 

1336 n*a. - 16S - 453 - - 

1937 6«4S0 90.4 263 3»T 420- ^ ^s 7,13® _^ 

1S38 n.a. - 357 - 3S3 - - 

1959 9,250 93.2 392 ^iM mt M 3.9 9,mB^ 

1340 iO.OÍXJ S3.5 445 4.2 2m: M 2.3 m^mm j/ 

1S41 12,800 93.1 ff72 4,S Z&l ^ 2W@ ÎS.7ÎSS ^ 

1942 11,T80 88.5 913 S.S mm «..S M„3SSg 

1945 12,800 91,3 846 6.© Tii& 2.7 M^QJO. 

1344 13,460 92.1 720 4.3 43@ S*C' M,,il& 

194& 11,780 89.1 987 7.5 45^^ ^0^ jl3'jf^&S<& 

1946 12,240 86.2 1,207 8.7 434 3.1 

1947 15,330 91.2 l,fKO 6.2 4^ 2.S MpSKO-f 

1948 17,210 94.5 677 5.7 3^ î.® M,2';3i7 

1949 17,020 93.4 m 4.2 435 2.4 "LSfiEZ^ 

19505/ 17,020 93.2 835 4.6 39^$ 2.^ ■ka^2>m 

¥y Excludes small cpiantities ot cora sirap ms®Ä 1:^ sjDffe drftóSr namiîfaefeMrejrsi» 
^   Preliminary» 
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Table 6 - Cora Sweetener Sales to Alcoholic and Nori-Alooholic Beverage 
íáanufacturers, United States,  1955-60 

(Thousands of pounds) 

Year 
»Com Sirup Sales to Ifenufacturers of í 

: Alcoholic Bev.  :Non-alcoholic Bev« : 
Dextrose Sales 
Alcoholic Bev. 

to î/ianufacturers of 
î Non-alcoholic Bev. 

3/                    îl y il 
1936 40,293             n.ft» 11,489 2,522 

1936 45«267             n.a* 15,216 1,690 

1937 41,964             n.a« 23,506 2,816 

1938 33,294             n«a. 27,190 6,545 

1959 28,668             n»a« 28,725 10,517 

1940 24,328             n.a. 29,561 14,958 

1941 28,079          Z¡      234 39,928 27,291 

1942 28,703            32,247 36,074 56,265 

1943 31,871             6,655 38,816 45,750 

1944 37,682             6,185 35,418 36,569 

1945 37,416             8,326 38,491 60,204 

1946 27,138           16,213 31,973 88,680 

1947 35,975 ,            7,719 42,117 62,913 

1948 32,777               189 29,654 38,049 

1949 42,948              542 y    34,700 y    42,400 

1950 37,499             1,826 y    37,600 y   45,900 

L/    Cbm sirup sales reported only for breweries and brewery supply houses; 
dextrose sales include sales to brewers and to manufacturers of wines, 
cordials,  etc» 
Z^    Cîom sirup sales reported from 1942-50 for soft drink manufactamrers 
only; dextrose sales include sales to soft drink manufacturers and manu- 
facturers of extracts,  flavored sirupst etc» 
V Total of last 3 months of 1941» 
V Estimated» 
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Table 7 - Use of Primary Sweeteners by Manufacturers of Canned, Bottled, 
Prozeaa Foods,  Jams,  Jellies,  Preserves, etc«. United States,  1935-50 

(Thousands of 100-povind units) 

Year : Sugar t 
percent of 

Total 
t 

»Dextrose 
»Percent of 

i: Total 
Î 

s Com Sirups 
îPercent : 

1 :of Total»Total 

1935 4,490 95.2 46 1.0 179 3.3 4,715 

1936 Ti.a. - 61 - 213 - - 

1937 5,980 96.0 75 1.2 175 2.3 6,230 

1938 n«&« - 152 - 155 - - 

1Ö39 6,260 92.4 366 5.4 162 2.2 6,778 

1940 7,010 92.5 386 5.1 179 2.4 7,575 

1941 7,850 88.0 856 9.6 217 2.4 8,923 

1942 7,380 84.3 860 9,8 517 5,9 8,757 

1943 8,790 87.3 693 6.9 527 6.3 10,010 

1944 11,310 90.1 578 4.6 666 5.3 12,554 

1945 9,250 86.0 663 6.2 843 7.8 10,756 

1946 11,400 88.8 499 3.9 944 7.3 12,843 

1947 11,590 87.6 548 4.1 1,105 8.3 13,243 

1948 12,720 90.4 722 5.1 625 4.5 14,057 

1949 12,250 88.9 823 6.0 697 5.1 13,770 

1950i/ 13,280 88.1 793 5.3 991 6.6 15,064 

l/   Preliminary 
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âœî^^s© i^ftS# î^ the îee I^IWUïI. «Sä ^dry pr^toet« fmÊmm^T^ hem í&»#1J®í 

tóa^^ tÈaet pr»-flBftr ytsars aEt# ist 1S50 a^mlaá Ä»» iiilllcaa 10l&-pQg@^«i ^©^11^ 

loto Í3Ei^«feey^» sra^-^tóa^e« itíT «aw® «î^rop nfifjeplft «RBPI^I^í^ 1è^* 'raEaRiWÊa:<i m^-^ 

mm d^s^smmik ^mM^ ^líms^ ¿i'v^ -ps^mom^ émrÈs^ -ito P^-I^HMIV f)srSi^dU 
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talbSí^ 8 • Ice Cream Usage of &igar. Dextrose and Com Sirups, 
Itaited States, 1935-50 

(Thousands of 100 poimd units) 

z Psreent oft jpereent of s iPereeait 3 
Year    t ^&Bct t      total      gPextrosei    Total      t Com Sirupsiof fotals Total 

8 0»3 2,622 1935 2«520 96*1 94 S»6 

1936 •»•«• V- 121 

ÎSST 3«U90 94«9 160 4.8 

19^ m.«« - 172 - 

1'9'm 3j«3®0 M.4 IS4 S.2 

13m i;«7^ M-7 18S 4,7 

imi 4<,;^|} 93.4 2TO 5«S 

ims s^wwa Tiß.3 2f7 S.S 

1943 4,SD0 14,7 S@3 5,2 

1944 ^flSO) as.« £3S 4.1 

1945 5,980 WSfuoL 221 3,2 

1^6 «,^0 #S«® 3,4 

1947 6^SS0 SiUB ms. 3^ 

1948 .5,990 91«)& mm 4.4 

1949 5,710 «©©.'S '264 4.5 

195Q3/ 5,710 im»£ 279 4.4 

9 - - 

10 0*3 3»^0 

11 - 

14 0.4 3.558 

24 o,s 3«9tô 

S9 0,8 4,1^9 

915 18.2 6,©22 

SIS lO.l 5,0!^ 

®9€ V^% 5,3^3 

743 M,7 S,S44 

m% 7,7 •7,Sfl 

mi 7,8 7,1S4 

^5 4.6 6«1B4 

312 4.9 6,30S 

32:5 &.1 6,312 

3^    Preliininairy 
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WAGTOm AFmCTim QEälQE (W m^B^^EmÊ 

Geitaral Faotors 

There are Bai^r factors to be coimíáereú 1^ a f oodf p^öaess^r 
before he ehoosôs a sweetener or a o ombimtion of ssreeteners to use 
in his product» Probably the three most prómiaeatoms are dif^^ 
in physical and chemical properties, relative prices, «tó Federal and 
State regulations governing types and/or amoiiots of sweeteners permitted 
in each unit of product» Detailed discussions of each of tiiese factors 
are included in this chapter» Hiere are, however,, crfcher factors léiich 
influence his choice of sweetener, a few of which are considered suffi- 
ciently important to warrant brief mmition at üiis time» 

Advertising and Sales Programs - Advertising and salesmanship no doubt 
are instriaments used by liie manufacturers and distributors of all types 
of sweeteners in attempts to influence a food processor's choice 
relative to type of sweetener used»  It is well known that tíie 
manufacturers of com sweeteners, especially of dextrose, usually have 
been more aggressive in their advertising campaigns than the sugar 
industry. Many wet com milling companies also have employed a 
technical sales staff to aid in familiarizing buyers with the physical 
and chemical properties of the various com sweeteners and to advise 
them regarding their proper usage» Aggressive efforts of the 
manxjfacttirers of com sweeteners has influenced to some extent the 
growing acceptance of these products in many fields of food processing» 

In-Plant Handling Problems - Economies and conveniences of storage 
and use of sweetener at the plant often have a marked effect upon 
choice of sweetening ingredients» Such factors are prime considerations 
in choosing between dry and liquid sugar» One of the principal raisons 
for a food processor's using liquid sugar is the savings arising from 
economies and conveniences of storage and in-plant handling» 

In many cases the added costs and production problems associated 
vdth storage and usage of more than one sweetener have a narked effect 
upon the type of sweetener used» For example, in most products corn 
sweeteners cannot be used satisfactorily as the sole sweetener but 
must be used in contoination with sugar» On the other hand, sugar may 
be readily used as the only sweetener in these products» Therefore, a 
food processor who wishes to use a cojm sweetener must maintain 
storage facilities for two sweeteners and must handle two sweeteners 
in the plant in maîdng the product» Ihis \isually requires more storage 
space and adds to handling costs» It also enhances the possibilities 
of plant employees making formula errors in the production process* 
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The difficulties encountered in using two sweeteners are 
laagnified ishen it is economical and convenient to use one in liquid 
form and the other is a^^ilable only in dry form* Por OMmple, the 
most acceptable com sweetener for a given use might be dextroset 
which is available only in dry form, while economies could be 
effected by using liquid sugar. Or a corn sirup-sugar combination 
might be the preferred one in an area where liquid sugar was not 
available or uneconomical« 

The size of a plant often has a marked effect upon the choice 
of a sweetener* In large-scale operations, there is more of an in- 
centive to use more than one sweetener in order to effect small unit 
savings in production costs» On the other hand, in snail operations 
the savings resulting from decreased ingredient costs may be offset 
by increased storage and handling costs* In general, the use of a 
combination of two or more sweeteners requires application of somewhat 
higher technical sJcills than when only one is used» Since larger 
companies usually are more likely to hayo personnel with such skills 
than small companies, there is relatively more of an incentive for 
the former to use com sweeteners in ooiiibination with sugar« A sub- 
stantial ntiEiber of the small-scale companies contacted, in connection 
with this study, reported that they did not use corn sirup or dextrose 
primarily beoause of handling difficulties* 

Physical or chemical properties of a sweetener which make it 
more difficult to handle than another sweetener often affect a food 
processor's decision relative to its use* For example, there is a 
certain element of danger of either liquid sugar or com sirup result- 
ing in stickiness of pipes under improperly controlled conditions* 
Such problems would not be encoimtered, of course, in using a dry 
sweetener, such aa sugar or dextrose* Some companies, especially the 
smaller ones, would prefer to use a dry sweetener, usually at a some- 
what higher unit cost, than to get involved with controlling pipe 
lines and storage tanks to avoid unsatisfactory flow or storage 
conditions* 

Psychological P^ctors - Psychological factors are of considerable 
importance with many food processors in arriving at a decision as to 
what sweetener or sweeteners to use* In most food processing fields, 
the use of any com sweetener relative to sugar is comparatively recent- 
Also, sugar in liquid form is a relatively new type of sweetener. 
Many industrial users who traditionally have used only dry sugar as a 
sweetening ingredient, are somewhat reluctant to change to liquid su^r 
or a combination of sug^tr and one of the corn sweeteners or, in the 
exceptional cases possible, to shift altogether to a com sweetener* 
This is especially tme if a manufacturer believes he has been very 
successful in arriving at a fortaula which results in a well-accepted 
product. He fears that altering his sweetening ingredients might 
affect adversely oons\amer acceptance of the product. 
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Iben the decision is one of whether or not to use a corn 
sweetener trith or in place of sugar, many users consider iihat Hiey 
believe will be the probable reaction of their oustomer relative to 
maintenance of quality standards» Simply because com sweeteners are 
less expensive than sugar on a per-pound basis, there is a tendency on 
the part of some users to weigh heavily the probable impact of their 
use on consumer acceptance.  Hiis is especially true if ihe  product in 
question is one requiring ingredient labeling» 

Comparison of Certain Physical and Chemical 
Characteristics of Sugar and Com Sweeteners 

Differences in the chemical and physical characteristics of sweeteners 
influence a food processor's choice of these materials» The more inçorbant 
of these chemical and physical properties are» (1) Relative sweetness, 
<2) hygrosooptoity (aMliiy to absoj* and retain moisture), (3) solubility 
and cïystallization properties, (4) densi-^ of liq\iid sweeteners and moisture 
contmrfc of solid sweeteij^rs, (5) presezTFat 

Regarding some of these cfiaracteristics, it is apparent tiiat there are 
differences of opinion among scientific persoimel» The brief discussion 
which follows is in no sense an attempt to contribute to technological 
research on the subject. It is intended only to point out ttett there are 
important differences in the physical and chemical properties of sweeteners 
and to indicate in general how these differences in properties influence 
coBEiercial distribution and use# Reliance has been placed on the previous 
research of others and on discussions with persons T*IO are currently 
engaged in technological research relat;ed to the subject. Although thsre 
has been no attempt to make an exhaustive study of all the differences 
between sweeteners, it is devised to call attention to those properties 
considered most important in affecting an industrial useras choice of 
sweetening agent. 

Sweetness *■ Relative sweetness is a subject much debated among chemists 
and food technologists. It has been necessary for various reasons to 
modify the conclusions drawn from older studies, completed in the 1920*3. 
One reason for this is that sweetening power has been improred as the 
result of the hi^or degree of refinement now characteristic of som© of 
these sweeteners. Moreover, the best informed cuirrent opinion is that 
the degree of ooncentration chosen for comparison affects materially 
the relative degree of sweetness. Sweetness also is influeiKsed by 
such factors as lâie temperature of the product in irtiich sweeteners are 
being compared, the supplementary affects of two or more sugars, and 
the presence of acids, salts, flavoring materials and other non-sugar 
substances. There is no chemical test for sweetnessi it mxist be tested 
by consumer taste, and perception to sweetness varies with individuals. 
For these various reasons, it is impossible to assign a specific 
sweetness value to each sweetener for all purposes. §/ 

J^ A. T. Cameron, 'The Taste Sense and the Relative Sweetness of 
Sugars and other Sweet Substances," Scientific Report Series No. 9, 
Sugar Research Foundation, Inc., Hew Tork, 1947. 
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IbB ratios of ««eetneés aentlozied hmltm are pros^iïtod ojüy to ill^stî^te 
tho brcMid rai^o in rolatira fltnedtadas raported 1^ imxloiut res^trcli 
inirestigators* 

In most studios of sweetening /mines« sugar has 1)een used as the 
basis of eomp^rison« its sitreetening power being indicated as either 
1#0 or 100 percent« and the relative sweetness of other laaterials has 
been stated in ter£^ of sugar«    The sweetest of the more coBimonly used 
materials are often considered to be honey and invert sugar*    Completely 
inverted sugar is made up of half dextrose and half lévulose«    lühe 
lévulose is miKîh läia sweeter of the two having been variously reported 
as 140 to 175 percent as sweet« while dextrose has been reported as 
60 to 75 percent as sweet as swrose«    Many believe that on a moisture- 
free basis the product resulting from the inversion process is birf; 
little« if any,  sweeter than the uninverted sucrose molecule« 
However« estimates of the sweetness of invert sugar rtm as hi^ as 130 
percent of that of sugar«    2/ 

Because honey usually contains a hi^er proportion of loTulose 
than does oo33saercial invert sugar« it is characteristically somewhat 
sweeter«    Its hi^er density and resultant tendency to linger on the 
tongue give the impression that it is considerably sweeter than most 
sugar sirups« 

Anhydrous dextrose is the sweetest of the corn sweetener group« 
l!he descending order of sweetness of the other com sweeteners Inx 
dextrose hydx^te« high oonversion com sirup« regular com sirup and 
low conversion com sirup«    ''Corn sirup solids^ is considered equivalent 
to regular corn sirup« idien these are compared on a moisture-free basis« 
The laost widely accepted ranges in sweetness for dextrose are 65 to 70 
peroent for dextrose l^rate and 70 to 75 percent for anhydrous dextrose« 

Certain investigators zl^ have studied tiie sweetening values of 
sugar and the com sweeteners at different concentrations, alone and 
in adBaixture, and for various uses«    In ice cream« for example, it was 
fo\md that niien used with sugar« dextrose was considerably sweeter 
than would be indicated by its sweetening value  in plain water solution* 
It was concluded by the investigators that from 20 to 25 peroent of 
sugar in the ice cream mix could be replaced with dextrose without 
sacrificing the sweeteess«    Jkn explanation of the supplemental effect 
upon total sweetness of sugar and a com sweetener in the same solution 

7/ Erb« J* H*    Sweetening Agents Suitable for Ice Cream« Chocolate 
MilkVnd Sweetened Condensed Mixk.    Ohio State Univ«« Dept«  Dairy reoh«p.2. 

%/ Corbett, W. J. and Tracy, P* E«    Dextrose in Commercial Ice Cream 
Maniifactvire*    111« Agr«  Eaqp«  Sta* Bull« Ho« 452, March 1939« p. 375« 

9/ Ifehlberg« A«  C« and Penezek« E^S«    The Relative Sweetness of 
Sugars Affected by Concentration«    H«T» Agrio«  Exp#  Sta»   Tech» Bull« 
No#  258, April 1941, pp.  11-12«    Dextrose and Com Sirup for Frozen 
Desserts.    H. Y« Agrie. Exp«  Sta.  Bull« No«  696« Oct.  1940« p« 32« 
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or food prodtjfôt was offered as follows î *'The sweetness of suörose 
is quickly peroeived, promptly reaches a maxiatiaa intensity, and then 
decreases. The sweetness of dextrose stiiaulates the taste sensory 
organs more slowly and reaches a maximum intensity later» Hence, -öie 
one sugar might be expected to supplement the other*" The relative 
sweetness of com sweeteners was found tD be nearly twice as high a 
value in hi^ concentrations as in low concentrations, and it was 
pointed out that many food products require a rather high concentration 
of sweetener content. The relative sweetness of dextrose (sugar as lOOJ^) 
was reported to vary with the concentration and product use from 
6E to 100; of high conversion corn sirup from 40 to 80; and that of 
regular com sirup from 28 to 54» 

The relative sweetness of corn sirup varies considerably with the 
degree of conrersion»  The usual hydrolysis process by which com 
starch is converted into com sirup may be controlled to give varying 
proportions of dextrose, maltose, higjier sugars, and dextrins« 
The product may be further processed by a special acid and/or enzym& 
treatment to increase the proportion of dextrose and lower that of 
dextrin* In general, there are -airee commercial classifications of 
com sirup, which vary according to dextrose equiimlent (D.B«), the 
total reducing sugar content j;0/oaloulated as dexbrose on a dry basis» 
These three classifications are low, regular or medixim, and high*» 
conversion, with the D»B» usually t>eing from 28 to 33 for the 
low conversion type, from 40 to 43 for the regular conversion type and 
from 52 to 6& for the high conyersion sirups• The approximate 
composition of corn sirup at aiqr D.E# can be obtained ly adding tiie 
figures indicated by each of the lines on figures 14 and 15• M the 
D.E* is raised, the dextrin content is lowered,^w^    acoompeuaying 
increase in sweetness, since dextrin possesses no sweetness« 

The various factors which goveim sweetening power have definite 
sigaifioance in the processed foods industries« Com sweeteners, 
apparently, are considered least sweet ;8dient^edwi1^ in 
foods with low sugar cont^it; therefore, greater amomts of com 
sweetener must be used to provide o^ßarabie sweetness« However, irfien 
used in foods^ containing comparatively hi^ sugar oonc<m 
sweetness of dextrose and other CMDrn sweeteners appears to be increased, 
and some authorities claim that in certain instances they may provide 
as much sweetness pound for poxmd as sugar« 

For many purposes the degree of sweetness is a major factor 
influencing a food processor's choice of sweeteners* Sweetening 
ingredients, however, have many other characteristics which influence 
the desired results in a food product» In some foods, such as canned 
vegetables, sweetness itself is not desired, but the addition of a 
sweetener will bring out the flavor of -- or ^season" -- a product 
more effectively than would otherwise be the case» On the other hand. 

10/ Reducing sugars are sugars like dextrose and lévulose, idiich have 
the characteristic property, when tested in the chemical laboratory, 
of reducing a copper solution« 
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an over-dose of sweetness is thought by many manufaoturers to be 
just as detrijasntal to flavor as not enoi^h sweetness» 

A sweetener actually may be used to control sweetness as well 
as to provide an ample supply of sweetness• In an effort to achieve 
a proper balance of sweetness with the desired body or density, 
manufacturers of processed foods often use a combination of sweeteners» 
Por example, a combination of sugar and com sirup may be used as tiie 
packing medium for canned fruits to maintain the desired density witíiout 
having excessive sweetness« The natural flavors of fruits which are 
bland in f lavor are said by some canner s to become masked by sweetness 
nhen sugar is the only sweetener used» Reducing the sweetness merely 
by lowering the quantity of sugar used may result in too low a sirup 
density. For fruits which are pxmgent or sharp in flavor, controlling 
sweetness by using a coiribination of ingredients is not so important» 
In the ice cream industry too, a combination of sugar and com sweetener 
is sometimes used to reduce sweetness, in order not to mask delicate 
flavor, and to maintain as high a percentage of solids in the mix as, 
when an all-sugar formula is used» 

hygroscopicilgr - i^ygrosoopicity is the ability of a substance to absorb 
and retain moisture. Some sweeteners are more hygroscopic than others, 
and this characteristic can be either an advantage or a disadvantage, 
depending on the product to be manufactured and the conditions under 
Tölich it is produced and marketed. For instance, sugar and dextrose are 
commonly considered to be in ihe non-hygroscopic category, while com 
sirup solids, honey and invert sugar are well known to be hygroscopic. 
Although there is no known published information which indicates that 
dextrose is more hygroscopic than sugar, many food processors have 
indicated their beliefs that this was the case, especially in the case 
of dextrose hydrate, possibly because it is known to contain from 
8 to 9 percent of water of crystallization. Corn sirup definitely 
is hygroscopic, and in its dehydrated (solids) form, it absorbs 
moisture quickly "when exposed to the atmosphere* 

A hygroscopic sweetener has many advanta^^ s when it is desired 
that manufactured products hold moisture for prolonged periods of time. 
Examples of products of this nature are most types of co3ifectionery, 
which must withstand a rather long shelf life, and icings, which are 
best when prevented from drying out and becoming brittle. On the 
other hand, the use of hygroscopic sweeteners is disadvantageous for 
products which require the absolute minimum of moisture, such 
chocolate. Manixfacturers who desire to utilize hygroscopic swuetei. ^s 
in certain products have been able to eliminate some of their handling 
and storage difficulties through air-Gonditioning of factories and 
proper packaging. Hard candies containing an eœessive proportion of 
com sirup tend to become sticky in hot humid weather# ÏÏie use of 
some corn sirup, however, keeps hard candy from graining excessively. 
Thus, a balance of sweeteners in confections is necessary to achieve 
the desired sweetness, texture, structure, flavor and keeping quality* 
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In iee cream, nAmrm imter is present in oonsiderabie quantity anyway, 
and a somewhat moist product is iranted, the hygroscopic tendencies of 
a sweetener are not oT>jeotionable and may even be desirable. **Corn sirup 
solids" are rather popular among the aaaller ioe cream laanufaoturers* 
Howorer, the hygroscopic nature of com sirup solids makes it desirable 
to use full-bag units, since exposure to the atiaosphere for any length 
of time makes this product sticky and difficult to handle» 

Crystallisation and Solubility - Sweeteners also are used in food products 
to produce a desired degree of crystallization or, conversely, to prevent 
or control it. Sugar and dexbrose are used to produce cxystallization, 
flMle for many uses corn sirup serves to prevent or control it. 
Crystallization may also be controlled by means of invert sugar. The 
invert sugar may be added as such or may be produced from sucrose in 
the process of making certain products by adding small amounts of an 
im-erting agent, such as tartaric acid or injertase. In im^ay products, 
such as candies of the caramel, fudge and fondant types, it is desirable 
to prevent excessi-ro crystallization. 

Corn sirup is used in caramels in fairly large quantities to give 
oh&wy  consistency. A smaller proportion of com sirup or iii^ert sugar 
is generally used in fondants and fudge to control crystallization SLXú 

texture, yet aaintain the desired degree of sweetness. Because more 
crystallization is necessary in hard candies^ relatively more sugar 
and less com sirup are generally used in this type of cMtdy. It is 
also well known làiat results may be modified by varying the moisture 
content Ihrough control of temperature of the cook* 

The tendency of a sweetener to crystallize varies inversely with 
its solubility. Because dextrose is not as soluble as sugar at ordinary 
temperature, dextrose tends to crystallize more in all dextrose sirups 
of the same density as all sugar sirups» A comparison of the relative 
solubility of sugar and dextrose is given in table 9. It will be noted 
that at temperatures above 60^ C (140^ F), dextrose is more soluble than 
sugar. This property, however, is considered to have little, if any, 
piuctical value. At lower tj^aperatures, sugar is considembly laDre 
soluble. 

The relative solubility of sweeteners at the lower temperatures is, 
of course, veiy important to a frozen food paoker.^^^^1^^        are 
subject to quick freezing at low temperatures, it is essential that tíie 
sweetener dissolve readily and mix thtsroughly throughout the pack, so 
that adequate results may be obtained from the use of the sweetener 
before all action is arrested by the freezing process. In freezing or 
canning fruit it is necessary for an eachange to be effected between 
the natural Juice within fruits and the sweeteners used in the packing 
media, if the added sweeteners are to provide a uniform protection from 
spoilage and contribute as much as possible to the quality and flavor 
of the products. 
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Table 9. - Solubility of Sxcrose and Dextrose in Water at Different 
Temperatures ___»__-__—__ 

Temperature 

Degree centigrade 

O.OOC 
0.50 

20.00 
22.98 
25.00 
28.07 
30.00 
35.00 
40.00 
40.40 
45.00 
50.00 
55.00 
55.22 
60.00 
64.75 
65.00 
70.00 
70.20 
80.00 
80.50 
90.00 
90.80 

Dissolved by Dissolved by 
100 graiQS 100 grams 
of water of water 

Sucrose Dextrose 
(gramsj (grams) 

179. 2 . 
- 54.32 

203*9 tw 

m» 97.51 
211.4 - 

_ 112.72 
219.5 120,46 
228.4 138.21 
238.1 138.21 

- 164.06 
248.7 191.63 
260.4 243.76 
273.1 - 

- 261.7 
287.3 - 

— 323.0 
* 302.9 

320.5 - 
- 359.3 

362.1 - 
- 440.2 

415.7 - 
_ 562.3 

Source» 

954135 O—51- 

U» S. Dep-fc* of Commerce, National Bureau of ^Standards, 
Circular G440, Polarimetry Saccherimetry and the Su^rs, 
U. S. iîoTb. Printing Office, Washington, D. C^, î^y 1942î 
tables 134 and 137, pages 676 and 679* 
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In preserving, i&íere the products are cooked at high temperat\ar0S 
and later cooled or even refrigerated, the presence of dextrose in excess 
of given ajßounts has been found to cause cxystallization*    Prohleios re« 
suiting froa the greater tendency of dextrose to crystallize at the ioirer 
tempexmturee are Mnisdzed irtien it is used in moderate proportions in 
coaigunotion with soiae other sweet^ier«    For mny products, however, this 
characteristic places a limitation on the percentage of total sweetener 
i^ichiaay safely be comprised of dextrose» 

Another i^ortant point relative to solubility and oxystallization 
is that the total solubility of two sweeteners in a given amount of water 
is somewbELt less than the sum of the solubilities of each of the sweeteners 
when separate solutions are made, using for each the same volume of water• 
This is because the solubility of a sweetener, when dissolved in an aqueous 
solution of another sweetener, is diminished as a result of ihe "salting 
out" effect of the second sugar» ll/ 

.another point is that in mixtures containihg non-sugar solids, the 
solubili% and oiystallining tendency of a sweetener s^y be si ©lificantly 
different from that prevailing in pure water solution»    It is difficult, 
therefore, to figure exactly on the relative solubility and crystallizing 
properties of sugar and dextrose when they are to be used in products 
containing ccaasidei^ble non-sugar solids,  such as ice cream, some 
confectionerj'^, and frozen or preserved fruits» 

In summary, corn sirup, invert sugar sirup, insert sugar and honey 
are popular as a portion of the total sweetener Tfrtien it is essential 
to prevent or have a- lesser degree of crystallization, while  sugar or 
a combination of sugar and dextrose constitutes the bulk of the sweetener 
in products in nihich more complete crystallization is desired» 

Density of Liquid Sweeteners and Moisture Context of Solid Sweeteners *■> 
Differences in the densities of liquid sweeteners, such as liquid sugar, 
com sirup, molasses, and honey, and in the moisture contents of **dry" 
sweeteners-sugar, dextrose, and com sirup solids-are often importauit 
characteristics affecting type and/or amoimts of sweeteners used» 
The densily of a liquid sweetening medium is coiiomonly measured by use 
of a refractometer or a hydrometer and expressed in terms of refractometer 
solids, degrees Brix,  or degrees Baume» Degrees Brix is usually the 
approximate    percentage of soluble solidaT   (Both sugars and non-sugar 
solids) to total weight of the material, and this is readily determined 
by use of a Brix hydrometer»    In the case of pure sugar solutions, 
however, a sirup of 67^ Brix is one with exactly 67 percent of the 
wei^t represented by solids (sugar) in solution, the remaining 33 
percent being water»    Degree Baume is another measure of the density 
of a solution, and this is determined by use of a hydrometer bearing 
the name of its inventor, -Antoine Baums» A rough relationship betwe^a 
Brix and Baume degrees for sirups of medium d«BÉíljl;y is that Brixs 
Baume x 1»87, if both Brix and ^tme readings are collected to tiie 
same temperature» 

ll/ Ü» S. Dept» Commerce,  National Bureau of Standards,  Car» C» C440 
PolariBtetrio Sacoherimetry and the Sugars, May 1942, p. 361» 
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The density of liquid sugar varies considerably, depending on 
type and grade of product» The unimrerted sucrose-type is iirost 
coimonly sold at 66*^ to 67^ Brix, löiile the inrerted types are usually 
marketed at from 70^ to 76° Brix. Com sirup is sold according to its 
"coimercial Baume,** 12/tfith the range from 42° to 44"^ coTerixi^ most of 
the volume» In terms of total solids content, most corn sirups range 
from approximately 78 to 82 percent solids» 

It is apparent, therefore, that the density of corn sirup is 
considerably higher than that of sucrose-type liquid sugar and somewhat 
higher than that of most inverted lypes» 

For "dry" sweeteners, moisture content rather than density is the 
basis on which the proportions of solids and water are usually stated» 
Highly refined white granulated sugar usually has a moisture content of 
less than 0»10 of 1% and, for all practical purposes, can be.said to be 
moisture-free» Incompletely refined sugar may have a someiÄiat higjier 
moisture content» Dextrose is of two principal types« dextrose hydrate 
contains approximately 8 percent water (of crystallisation), while 
aiïhydrous dextrose is as free of moisture as refined sugar» It is 
estimated that from 85 to 90 percent of the dextrose prodxjced in 1949 
was dextrose lydi^te» IS/ 

It is necessary to make allowazKses for the variations in water- 
content of sweeteners ndien using them in the production of a given food 
product» The lower moisture content of su^r is oilmen an adviaitage, 
sinôe -the same solids content of a laaaiifactured prodtKït can be obtained 
with a smaller amount of -äiis sweetener» Dextrose hydrate is commonly 
considered about 65 or 70 percent as sweet as sugar» Since it consists 
of 92 percent solids and only 8 percent of water (of crystallization), 
dextrose may be xised advantageously in place of sugar in instances 
where reduced sweetness and relatively little change in body, or density, 
is desired, as coaatrasted with results iriaen using sugar» The same 
would be true for corn siarup solids, which has a sweetness of approximately 
50 percent of that of sugar and a solids contrnxt of about 96 »5 to 97.5 
percent.  In using sirups, however, more allowance must be made for the 
greater water content» 

Molecular Weight, Osmotic Pressure, and Freezing Point Depression - 
The molecular weights of the sweeteners vary considerably and have a 
significant effect upon the lowering of the freezing point and upon 
osmotic pressure» Differences in molecular weights are an important 
consideration in making products such as ice cream, canned or preserved 
fruits, and in frozen foods. 

12/ The Baume of com sirup is measured ordinarily to 140*^P» and adjusted 
to lOO^^P« to obtain "commercial Bauml." Commeixsial quotations are for 
coaamearcial Baume densities, which are approximately 1*^ Baum¿ lower than 
Baume to 60*^F» 

13/ Corn Industries Research Foundation's estimate» 
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Dahlberg and Pertezek il/fotmd the molecular weights of sugar and 
C02m sweeteners with given moisture contents to be as follows î 

Sweetener 

Dextrose (hydrate) 

Corn sirup (high enzyiafttic) 

Sugar 

Corn sirep solids 

Moisture 
Content 

9^54 

14.00 

0.25 

2.35 

Molecular weight 
(anhydrous basis) 

180.11 

258.40 

342.17 

4Ö4.70 

The f^eezing points of ^t^ solutions of ^üiese four sweeteners at 
Tarious concentrations, e:^ressed on a dry or solids ^^^^ given 
in figure 16. It will be seen that for a of 
thesf solutivas idle ftreeEiî^ point is correlated directly with the 
molecular weight; that is, the higher the molecular weight the higher 
the temperature at löiich the solution will freese. The differences in 
degree to lôiich these sweeteners depress the freezing point make it 
necessary to adjust the storage temperatures for ioe oresaa in 
accordance with the %pe of sweetener used. 

Variation in the molecular weight of swee-tenérs is related to 
nusibèr of dissolved mol«ules (particles) at a given concentration and, 
therefore, influeii^es osmotic pressure. The lower the molecular wei^t 
of a sweetener, the larger the nuafeer of^ dissolved molecules in 
solutions of Comparable concentration and the greater the osmotic 
pressure. Since the molecular woig^it of dextrose is much lower than 
Idiat of sugar, there are more dissolved molecules (at given concentrations) 
and hence greater ossK)tic j^essure. This greater osmotic presstire of 
dextrose in solution is important in preserving, itfxere a quick inter- 
change of the natural juice of the fruit and sweetener is desired. 

Fermentation and Preservation - Sweeteners may be fermented for certain 
purposes or they may be used to preserve products farom feriaentation. 
These properties are important in the case of bread. Jams, jellies, 
and preserves, but less important in canned and frozen foods. Haturally 
the use of sweeteners in all of these products is for various other 
purposes also, and the total effect of a sweetener must be considered 
in making a choice as to which one or ones to use. 

In making bread, for instance, it is essential that sufficient 
sweeteners be provided for yeast food if proper leavening is to take 
place. The natural sugars supplied by tihte flour itself provi    part 

1"^ Dahlberg, A*  C. and Penczek, E. S., Dextrose and Com Sirup for Frozen 
Desserts, N. Y. Agrio. Earp. Sta. Bull. 696, Geneva, N, Y*, t^c tob er 1940, 
p. 10. 
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of this B^mmtmn0r^  but the remainder comes fl*cmi the addition^^^^^p 
dexfcrÔ se,  or s cm© o ther swseteñii^ agent • Maiiy bread baisers coasidw 
sugar a^d descfcrose equally satisfaotory insofar as producing tl» 
desfrM mom^ of feraieirfcation íB ooncemed* Both dexta-ose and sugar 
farment rapidly with yeast, dextrose a little faster, it is olaiïied. 
The dextrose portion of com sirup and corn sirup solids will also 
ferment rapidly, but because of their higher* sugars and dextrin 
eontentj, these products are considaz^d less desirable them su^r <wr 
dextrose for use in fers^nting the dough, gluing desirable texture t© 
the loaf and helping to color aie crust» 

In preserrers* iteas^ as the nsme implies, sweeteners are ess«itial 
to "preserre** or protect the products from spoilage resultijag fl^a 
fermentation* Most bacteria and yeasts will not grow HAíBU the      ^ 
concentration of sweetener solids in preserves is above 65 perc«it« 1^ 

Therefore, if the sweetener contMit of presearves is raised to t^® 
figure or above, the prodiœt will be litoely to keep indefinitely with- 
out spoiling or fermenting» Sweeteners also preserve for a longer perioâ 
the natural colors of the fruit» All of Ute  sweetMiers are acceptable 
from the standpoint of building up sweetener solids to prevent yeast 
or bacterial growth in jams, jellies, and preserves* It is true, of 
course, that larger amounts of dextrose hydrate, com sirup solids, 
or corn sirup, than of dry sugar would have to be used to supply 
sweetener solids, because of the smaller percentages of solids in the 
com sweeteners« Since a dextrose solution has greater osmotic 
pressure than a sugar solution of equal density and the property of 
entering the pores of the fruit more i^pidly, the dextrose would have 
greater preseinrative action. It has been claimed by some that use of 
a combination of sugar und com sweetener in preserving and canning 
result in better preservation of fruit colors and natural fruit flavors, 
better texture and other desirable product olmraoteristics* Adverse 
effects, however, have been reported veten corn sweeteners were used, 
with sugar, in excess of certain proportions» 

In frozen fmaits, one purpose of sweeteners is to seal idie product 
a^inst contact with the air, thereby preventing oxidation during the 
interval required for the sweetener to penetrate the membranes of the 
fruit. It is necessary for the sweetener to mix thoroughly with and 
coat the surface of fruits before the freezing begins, if it is to 
constitute protection against oxidation and fermentation.  Sweeteners 
also aid in preventing excessive shrinkage and in maintaining t^ 
flavor of most frosen fruits« There is some thought that a combination 
of sugar and com sirup results in less oxidation, better preservation 
of color and flavor, and less shrinkage than when sugar alone is used» 

15/ Meschter, E. E. ^^ Jaa and «felly lAUdas; Food Industries, 
Jxme 1949, p« 67. 
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HoweTer, use of com simp in greater than specified percentages seem 
to impart an objectionable dextrin-like flavor• 2:£/ 

In canned foods, the use of sweeteners is primarily for reasons 
other than protection against fernfântation, since this protection inay 
be obtained fairly well through pasteurization by heat and by packing 
in air-tight containers. However, it is not unusual for canners to 
take the extra precaution of using váiat is known as a "Canner*s grade" 
of sugar, Tihich has been treated by ultra-violet rays or produced by 
special care to reduce the count of thenaDphilic bacteria sometimes 
present in the sugar« The '*Canner*s grade" sugar is in demand by 
packers of non-a^id types of vegetables, but apparently there are only 
a few canned food items in which spoilage due to this cause is a 
particular problem» Apparently the acidity in most items, especially 
the fruits, is high enough, together with the heat treatment, to prevent 
the growth of any thermophilic bacteria present« However, canners who 
use "Canner's grade" sugar in the non-acid vegetable items often use 
it in all of their products to avoid handling two types of sugar and to 
prevent errors in using the wrong sugar in some item« 

In canning fruits, some of the sweetener enters the pores of the 
fruit and is exchanged for a part of the natural juices therein. Use 
of a sweetener also aids in presenting the color, flavor, and texture 
of citnned fruits»  îBie greater osmotic pressure of dextrose solutions 
is not as important in canning as in preserving» In canning it makes 
little difference iñhether the exchange of sweetener for the natural" 
juices of the fruit is fast or relatively slow, wliereas in preserving 
a rapid exchange is desirable« One of the primary purposes of the 
sweetener in preserving is control over fermentation, while in canning 
this control is achieved largely through other means« 

Flavor - Presence or absence of flavor (other than sweetness) in a 
sweetener, or imparted to a food product during the processing because 
of some inherent quality in the sweetener, is also a major faotor 
affecting choice of sweetener« Highly refined sugar and dextrose have 
no perceptible flavors other than sweetness« However, both these 
sweeteners tend to bring out the natural flavors of fruits and many 
other products» Grades of sugar "wiiich are not highly refined usually 
impart some flavor other than sweetness» Wtiile the authors do not 
know of any scientific literature relative to the subject, some fbod 
processors reported that they had found that dextrose tended to impart 
off flavors in certain processed food products« As a rule tiiesa reports 
were received from processors who had used dextrose in relatively large 
proportions»  The dextrin content of com sirup, especially the regular 
and low conversion -types, was reported by several users to have the 
effect of masking delicate flavors of some products and, in some cases, 
to impart an undesirable flavor to the end product» Several other 
sweeteners, such as brown sugar, maple sugar and sirup, and su^rcane 
isolasses are used primarily because they impart certain desirable 

16/ See below section on frozen fruit for more detailed discussion 
/"" of tíiis point« 
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flavors toa product«    Bcmever, this attribute aiakes these sweeteners 
objectioBÄble for other uses« 

Price Relationships 

One of the most ifiçiortant factors feoTeming a food processor's 
choice of sweetening ingredients is the price differentials between the 
sereral sweeteners«    Healization of ttie importance of price relatioajships 
requires a basic understanding of the price structure for sugar and the 
corn sweeteners, how delivered prices of each are determined, and Urn 
inethod used, if ax^, in gearing the price of one sweetener to another. 

The Pricing of Refined Ciystalline Cane Sugar - Refined sugar is priced 
on a basing-point system/l^e base points bein^ the seaboard cane sugar 
refining points of Boston, New York, Philadelphia, Äiltimore,  Savannai, 
Hew Orleans, Sugar Land (TOMLS), and San Francisco«     (See figtpre 17)« 
The prices of refined cane sugar are not alimys the sa^i^ at all of 
these base points but the differexKses are usually rather small«    These 
prices are generally known as the "basis prices«**    Such approximate 
uniformity of prices is due to the highly homogeneous nature of the 
product and to üie fact that for the Atlantic and Gulf refiners, the 
sources of supply of a large percentage of their raw sugar are identical; 
i«e«, Cuba, Puerto Rico, and the Philippines«    Because of this miformity, 
and because of the concentration of refining actiTity in the Nm? York 
City area, the seaboard refinery price of sugir son^times is ref^red 
to as the New York price« All further references in this report to 
**basis price** or ''New York price of refined sugar" should be construed 
as being the quoted price at seaboard refinery base points«     The usual 
quoted price is in terms of 100 pound paper bags of stoaidard granulated 
sugar, with differentials being applicable to spec ialty grades and 
i^ller sise jÄckages« 

The effective selling price of su^r is 2 percent less timn the 
quoted price, because of the discount allowed for cash settlement 
within 10 days«    The price of cane sugar at any city other than the 
refinery base points includes lâie basis price plus the freight charge 
to that city.    In addition there is a 3 percent transportation tax, 
a one percent  tax,  and a 2 percent   ^'compensation" charge* tL/ 
The freight cost plus these three charges is known as the "prepay«" 
A-typical formula for determining the prepay for a standard carload 
of sugar is ftrritred at as follows t 

100^   published ftreight rate 
plus 1%   tare (sometimes 1^) 
plus      Sm03% transportation tax (5% x 101) 

104-05 
100^^ 2% (for net cash within 10 days) s  «98 

104«03 g 106«15S 
^ «98 

106«153 m freight rate - prepay 

17/ The 2 peroenb discount for p2H>mptcasÈhj«ij^      is also applied to 
the prepay portion of the ^li"rered price, thus the aforementioiaed 
2 percent clmrge is made to compensate for this portion of the discount« 
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Figure 17#- The map describes the basing zones as oomputed from rates in effect as of about May 6,1948» 
Some over-all percentage increases hairs been granted sizioe that time but in effect the general picture 
remains essentially ijie same# In the map^ »one S is served equally freightwise by New York and 
Philadelphia» Likewise, zone 5 is served equally by Philadelphia and Baltimore* The broken line 
cutting «ones 8 and 9 represents the points iihere freight costs from the Colorado beet district are 
just about equal to the prevailing seaboard cane refinery prepays. Zone 10 describes the territory 
based freightwise on San Francisco* Actual selling and distributing territories of the refiners, 
of colarse, often are quite different from the basing point; £ones# 

Sources American Sugar Refining Company* 
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The location of the cane su^r refineries, beet sugar processors, the 
eight seaboard base points, and the approxiisate territories of lowest 
freight for each of the base point cities are given in figure 1« 

Much of the cane sugar sold by an indiiridual refiner is sold within 
the areas where the freight rate from the refinery basing point to the 
b^yer»s location is less than the freight rate from any other basing point« 
In some territories more sugar is pro duo ed than caia be sold in that area 
by refineries located there#    These refiners, therefore, must sell sugar 
in areas closer freighfrwise to other refiners»    The prepay charges on such 
sales are determined not from the freist rate from the seller's refinery 
location to the huyeras location bxrt from the freight rate to tíie buyer's 
location from the basing point nearest to titie buyer freightwise»    The 
seller absorbs the excess of actual freight charges abore those lAiioh 
would have prervailed if the sugar had been shipped from the refinery 
nearest freightisise to the buyer» 

The Pricing of Refined Crystalline Beet Suffltr *■» None of the beet sugar 
factory locations is a base point, but those in northern Cel if or nia are^i 
of course,  fairly close freightwise to San Francisco»    Historically, 
beet sugar is quoted at a slight differential under refined cane  sugar# 
Oîxe quoted di ff er^Kntial varies somewhat, but ordinarily is from 10 to 20 
cents per 100 pounds»    The price of beet sugar at ai^ interior point is 
the basis price of cane  sugar less the differential, plus the '»prepay»" 
The prepay is calculated on the basis of freight from the nearest 
seaboard cane sugar refinery to that point»    Ar^ prepay charges 
in excess of those which would have prevailed on cane siigar shipped from 
the nearest freightwise refinery are absorbed by the beet processor» 
Likewise, if ttie actual prepay charges incurred in moving beet sugar from 
a factory to a buyer's location are less tfean those from the nearest 
freightwise seaboard cane refinery to that point, the beet processor 
has a "freight pick-up»^    ïïius, a beet processor located in Utah or 
Colorado who sells sugar in St*   Louis or Chicago must absorb freist 
because the freist is less from Hew Orleims to those two cities than 
from aiQr beet factory in Colorado or Utah»    Conversely, on sugar sold 
in Denver or Salt Lake City by these beet processors there would be 
a freight pick-up to the extmit that the freij^t from the factory to 
these cities ^s less than the freight from Saa Francisco, the nearest 
freightwise basing point to Denver and Salt Lake City. 

The Prieiiig of Liquid Sugar -    Liquid sugar is priced on the basis of 
the total sugar solids which it contains*    Since most of the solubla 
solids in liquid sugar are cí^posed of sucrose or sucrose and invert, 
it commonly is sold on the basis of degrees Brix (a measure of the 
percent of total weight composed of soluble solids)»    All liquid augar 
of the sucrose sirup type and most of tàiat of the partially inverted 
type sells at a differential^ on a solids basis, under the price of 
granulated sugar»    In general the differential is 15 cents per 100 poirnds, 
on a solids basis, mader dry sugar» 
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It is oustOTiary to deliver liquid sugar in tank truoks in those 
metropolitan areas adjacent to the point of production« Por deliveries 
of this type, it is customary to sell on a delivered, prepaid basis, 
TTith delivery charge based on the solids content* In this my the 
delivery charge for 150 pounds of liquid sugar containing 67 percent 
sugar solids is approximately equal to iàiat for 100 pounds of dry sugar. 
For shipments to destinations sufficiently removed from the point of 
production to -warrant shipnwnts by rail tank oars, liquid sugar usually 
is quoted f.o#b» refinery on a su^r solids basis« However, railroads 
assess freight charges on the basis of the total weight of the sirup, 
and in SOB© areas, the rate per 100 potaids of sirup is the same as ibr 
100 poisads dry sug^r« Kius, the delivered price to a liquid sugar 
user is the f«o#b» refinery price of the sugar solids plus freight on 
the mtire weight of the sirup* To resiain competitive with dry sugar, 
the sellers of liquid sugar often fello.T the practice of absorbing 
some of the freight charges on tank oar shipments* 

For liquid sugar of the sucrose sirup type, the weight of the water 
, is about one-third that of the entire sirup. Therefore, the freight 
cost per 100 pounds on a dry-weight basis on liquid su^r of this type 
is about 50 percent higher than for dry sugar» As the degree of 
imrersion is increased, the ratio of solids to total weighb of the sirup 
is increased, and, of course, the cost of freight paid for water .becomes 
less. Obviously, the higher the freight cost becomes on the same 
quantity of sugar solids, the sooner the discount at which liquid sugar 
sells is dissipated. For example, for liquid sugar of the sucrose sirup 
type, the savings by the differential are just offset by the added freight 
cost when the freist from refinery to destination on the weight of 
100 pounds of dry sugar is exactly double the differential." With a 15-cent 
differential, therefore, liquid sugar becomes more expensive on a solids 
basis when the freight rate on the dry sugar is more than 30 cents per 
100 pounds. 

To take a simplified arithmetical example, assume dry sugar sells 
at |8.00 per 100 pounds and a freight charge to destination is SO cents, 
making the delivered price $8.30# iâ^ With a sucrose sirup liquid sugar 
of 67 percent solids at 15 cents under dry sugar, the quoted price, 
f.o.b. refineiy would be $7.85. In order to get 100 pounds of sugar 
solids in this type of liquid sugar, 150 pounds of sirup are required. 
Assuming equal ft-eight rates on sirup and dry sugar, the freight is In- 
times as much, or 45 cents. Adding $7.85 and |0.45, a delivered price 
of |8.30 per 100 pounds sugar solids is obtained or the same price as 
the diy sugar in this example. If, of course, the differential of liquid 
sugar under dry sugar is increased to 20 cents, the area in which liquid 
sugar is equal to or lower in price than dry sugar is expanded to the 
zone in which the freight per 100 pounds of dry sugar is 40 cents or less- 
in other iiords to the zone where the freight rate is not more than twice 
the differential in quoted prices of dry and liquid sugar. 

1£/ The 2 percent discount for net cash 10 days, possible freight 
absoarption, and other complicating factors are ignored in this example. 
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The point at lÉiioh it bedomes uaeeonomîcal for a aanirfaoturer to 

usé liquid sugar aay 2B)t eoiiioide wi1h the point at^sdiich üie deliTered 
prie© of su^r solids iñ the liquid sugar exaotly equals the delivei^d 
prioe of dry sugar»    Boonc^des of storage and in-plant handling laay be 
sufficient to tmrrant a user paying a somewhat higher price for liquid 
sugar on a solids basis♦    And, as stated €U><)Te, the producers of liquid 
Sugar often absort soas of the frelöW* charges»^ 

The Pricjjxg of Dextrose - The price of de:îrt;rose generally is ^ared 
directly to the price of dry sugar, see figure 18, and -üieprentiling 
prices at all points are arrived at in approximtely the same aianner 
as for dry sugar»    Bie delirered price of dextrose at any point is the 
delivered price of sugar at that point less a certain differenual -which 
is usually constant for all points. 19/ Since seaboard cane sugar 
refineries are base points in sugar pricing, Hhe dextrose price at 
any interior point is this base price of sugar less the differential, 
plus the prepay on sugar from the nearest freightwise seaboard cane 
sugar refinery.    Howerç^er, in areas /^ere beet sugar is sold, the 
differential applies to -oie price of beet sugar.    The differential 
Taries from time to time, but as a rule is maintained at about 18 or 19 
percent, or 85 cents to |1»00 imder sugar»     Bie highest New York 
differential since 1935 was íl»60 in July 1948 and in February and 
March of 1949.    During the months July tiirough Sept^ber of 1946, 
dextrose prices were hi^er than those of refined sugar. 

Dextrose is produced at the interior points of Argo and Pekin, 
Illinois! Roby, Indianai Clinton, Iowa;  Kansas City, Missouri; and 
sometimes at Cedar Rapids, Iowa.    Argo and Roby are within the ChicagD 
switching area and for all practical purposes, are herein considered 
to be synonymous with that city.  20/   Since gew York and San Francisco 
are both sugar basing points, ths price of dextrose at these cities is 
simply the New York cane sugar price less the differential, the freigabt 
from mid-western wet corn milling plants being absorbed by the  seller. 
In Chicago or St. Lcruis,  laxe price of dextrose is eqimT to the delivered 
price of beet sugar at üiese points less i*.edifferential» 

The Pricing of Com Sirup ■> Ihe delivered price of bulk coi^ sirup is 
arriTtd at by adding tbe full freight 2^te1xï^8^f.o<b# mill price but 
meetir^ the priee of cOBçetitors where such price is arrived at in the 
same mannert    In effect, this is an f#o#b. mill price plus freight from 
the mill nearest freightwise to the destination point. As illustrated 
in figures 19 and 20, the price of corn sirup is tied to the price of 
corn and not to the price of su^r as in the case of dextrose.  However, 
the price of sugar serves to place an upper limit on com sirup prices. 
In other words, com sirup prices fluctuate with the price of com 
except that the price of sugar sets a ceiling on the upward mov^nent 
of these fluctuations« 

19/ Some "tames a special  differential  is in effect in a partioulÄr oi^ in 
""^    order to meet a specific   ocanpetitive situation.  Also a uniform delivered 

price of dextrose often prevails oTOr a fairly large area,  such as the 
West Coast* ; 

2^ There is a switching charge a&de for ^^^^manant of dextrose from Mhasm 
^"   plants to a Chicago user« 
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Figura 18»~Average iiriiolesale prie© of refined cane sugar, New York, net corn cost per 
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Jan» 1935*Peb» 1942 - The line of average relationsliip shows a rise of |0»81 
in the price of dextrose for every rise of $1#00 in the price of sugar» 
Jan* l947-June 1950 - A rise of $1*19 in the price of dextrose for every rise 
of $1.00 in the price of sugar* 
The scatter diagram for dextrose prices and the net cost of conn to the wet 
miller showa very little relationship between the two* 
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Another fac-tor which wet millers consider iftàien pricing corn sirup 
is by-product credits*     The important  item from the wet miller's  stand- 
point in pricing com sirup is not  simply the price he pays for corn bub 
the net cost of the com*to him after subtracting from the cost of corn 
the proceeds farom by-products, principally feeds and oils   (See figure IB)* 
Thus, a dTOrease in the price of com may not result in a lower price for 
corn sirup if the proceeds from by-product feeds and oils also have de- 
clined •    Since such feeds and oils are sold in competition with other feeds 
and oils in general, and since dextrose prices are geared directly to sugar, 
corn sirup and starch prices remain the primary ones which 3aay be adjusted 
to compensate for changes  in the cost of oorn.    Hov;eirer, as stated previously, 
sugar prices and not the net cost of corn set a limit on the upward move- 
ment of com sirup prices. 

Prices usually are quoted for 42 or 43    Baume regular conversion com 
sirups with differentials applying to sirups of higher and lower Baume. 
High conversion sirups sell at a premium oTer all regular and low-conversion 
types -rtiile low conversion sirups sell at a premium over the 42, 43 and 44^ 
Baum¿ regular corn sirup«    The price differentials for corn sirups over 
42^ Baume sirup prices are  generally constant and approximate the followingí 

Type of Com Sirup Price 
(Base price plus) 

42^ Be Regular - 
43*^ Bé Regular 5^ 
44^ Be Regular 12/ 
Low conversion 15/ 
45^ Be Regular 19/ 
High conversion 35/ 

The price differential between the hi^estpriced com sirup and the 
price of 42^ Be sirup was less than 8 percent of the base price in 1948* 
For a relatively small additional  suin,  the manufacturer could select the 
type of sirup which best suited his needs.    On the other hand,  it may be 
seen in Figure 21 that the container differential and freight charge s may 
be iaoi5@imi)Qrt^uit factors in a manufacturer's decision concerning sweetener 
usage.    In 1948, the difference between tank oar prices and the price of 
barreled sirup, oarlots, avéra^d more than 23 percent of the base price, 
tank cars, ushile freist and other charges between Chicago andHew York 
averaged between 16 and 19 percent of the  Chicago base price.    Clearly 
then, the Chicago purchaser of com sirup in tank car lots is in a 
better position as a sweetener user than the Chicago piarchaser of com 
sirup in other containers or the New York purchaser of corn sirup in any 
container.     Thus, the nearness of ^ manufacturer to the source of supply 
and his ability  to handle bulk quantities imy determine,  in part,  his 
usage of corn sirup as as upplemient to sugar usage. 

The Pricing of Com Sirup Solids - Corn sirup solids prices are tied to 
corn sirup prices.    It takes approximately 3.2 bushels of corn to prodiace 
100 pomds of com sirup solids, and only 2#5 bushels for 100 pounds of 
corn sirup.    -Also, the production process for maMng com sirup solids is 
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Figure 21 »—Average gross price of corn sirup, uianixed, 42*^ Be., 
by type of container, Chicago and New York,  1948 

Source!    Reports of Corn Products Refining Co. to U.S.D.A. 
954135 0—51 6 
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more expensive than that for com sirup# In pricing com sirup solids, 
the general practice is to establish a mill price sufficiently abore 
the mill price for corn sirup to cover the added cost of ingredients 
and processing, including a retuna on the investment for the required 
processing facilities« However, the price of sugar again dictates the 
upper limit on the mill price of coam sirup solids» To remain 
competitive, solids must sell at a discount under sugar. 

Once a mill price for com sirup solids has been established, the 
prevailing price at any point is the mil price plus freij^t to that 
destination* Since com sirup solids are produced in the mid-»west 
(plants at Roby, Indiana; Clinton, loim and Keokuk, Iowa), the method 
of arriving at delivered prices results in higher prices for seaboard 
consuming centers like New York, Philadelphia, and San Francisco, than 
for interior points like Chicago or St. Louis• On the other hand, sugar 
prices are lowest at seaboard sugar refining points, and in general, 
increase directly with the distance from tiie nearest refinery« Thereforej 
rigid adherence to the above method of arriving at corn sirup solids 
prices would result in a significantly greater differential between 
sugar and corn simip solids prices in Chicago than in New York. 
Since corn sirup solids must resain competitive with sugar, it often 
is necessary for the manufacturers of solids to sell in seaboard cities 
at a lower price than would result from application of the mill price 
plus freight« The lowering of com sirup solids prices in seaboard 
and adjacent areas to meet sugar competition usually is achieved by 
the laanufacturers * absorbing freight rather than by lov/ering the mill 
price. "While the net result to the seaboard user might be the same 
in either case, the manufacturer wants to maintain the mill price 
relationship between solids and corn sirup» 

Sunaning up, it may be said that (1) corn sirup solids are priced 
f.o»b» mill at a price sufficlent1y above com sirup to cover the costs 
of added materials and processing, and (2) that the delivered price is 
kept sufficiently bel(w su^r to meet the competition of that product, 
often requiring the absorption of freij^t as seaboard sugar refinery 
points are approached. Little direct attention is given to the 
relationship between solids prices and dextrose prices and solids often 
are priced above dextrose at seaboard points suad below dextrose at 
interior points. 

The Relative Cost of Using Sugar and Corn Sweeteners 

Sugar and Dextrose - Ihe quoted price of sugar, during the pre-war 
period of 1935-39, averaged 99.2 cents per 100 pounds more than the 
quoted price of dextrose hydrate (New York). The price differential 
between the two sweeteners after the discontinuarüce of sugar rationing 
averaged between |1»38 in 1948 and $1.44 per 100 pounds in 1949. To the 
extent that sugar can be replaced pomft for poiand with dextrose, such 
price differentials permit savings to be realized by the sweetener-using 
manufac-Durer. However, in interviews with manufaoturers of all types 
of food products, a large number of dextrose users indicated that it 
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ms necessary to adjust fonnulcis for the moisture content of dextrose. 
As shoTOi in Table lu, when an adjustment for moisture is made on the 
basis that dexbrose hydrate contains 8 percent moisture, the cost of 
purchasing the dextrose is increased to 109 percent of the quoted 
price and the price differential between sugar and dextrose is considerably 
reduced« 

Anhydrous dextrose, with a solids œntent approximating that of 
refined sugar, is often substituted pound for poxmd for sugar; however, 
the anhydrous variety of dextrose averaged $1.05 per hundredweight 
more timn the quoted price of dextrose hydrate in 1948, resulting in 
a price which was higher than the cost of dextrose hydrate after adjusi;- 
ment ror moisture content. 

Itiany manufacturers interviewed in 1948 and 1949 indicated that 
adjustments were made for the lesser sweetening power of dextrose where 
it replaced a.portion of the sugar content of a food product* However, 
if adjustment had been made for the moisture content of dextrose hydrate, 
the savings from replacement of sugar with dextrose was such that actual 
percentage adjustn^nt for sweetness could not have exceeded 6 percent 
in 1947 and 12 percent in ly48 and 1949. In other words, if dextrose 
were substituted at a rate of more than 106 pounds (dry basis) in 1947 
and 112 pounds (dry basis) in 1948 and 1949 21/ f^^  100 pounds of sugar 
to compensate for the lesser sweetness of dextrose, then any price 
advantage of dextrose over sugar would have been eliminated. Furthermore, 
it has been estimated that dextrose hydrate is between 66 to 70 percent 
as sweet as sugar.  If adjustment is made on this basis then dextrose 
would cost the manufacturer considerably more than sugar.  The values 
attributed to dextrose solids are primarily the added body imparted to 
the product, and the reduction of excessive sweetness when .^desired. 

In conclusion, if a manufacturer replaces dextrose for sugar, 
pound for pound, then effective savings in sweetener costs per se are 
realized; if a manufacturer adjusts for the moisture content of dextrose 
(hydrate), then savings are only three-fifths those of the first 
instance (1949)i and, third, if adjustments are made to compensate fully 
for the lesser sweetening power of dextrose a man\ifacturer makes no 
effective savings in sweetener costs. 

Sugar and Com Sirup - The price differential between sugar and com 
sirup was greater in ly49 "than in the pre-war period; i.e. corn sirup 
was relatively cheaper compared with sugar in 1949 than it was prior to 
Y/orld War II. Hmvever, the price of corn sirup was 72 percent that of 
sugar during the pre-war period. During ±949 com sirup prices were 
75 percent of sug^r prices.  The liew York differential between the 
quoted prices for refinea sugar and the quoted prices for 43*^ Baume 
regular corn sirup, in barrels, averaged ^2.00 per 100 poxmds in 1949 
as compared with í?1.31 for the years iy3b-;59 (See Table 11). 

21/ Obtained by dividing the price differential between sugar and 
dextrose (solids basis) by the cost of dextrose hydrate (solids basis). 
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Jablê 10. - Refined Sugar and Dextrose Hydï^ter Prices and price 
differentials per unit o^ solids contentg 1935-49^ 

/     Dextrose HydrJSute-^ Differôntial 

Year Refined Sugar i/ Quoted Price Solids Price Quoted Price Solids Price 
(dollars per owt.)    (dollars per cwb. 1 (dollars pe: r owt.7 

1935 4.95             3.90 4.24 1.05 .71 
1936 4.79             3.70 4.02 1.09 .77 
1937 4.82             3.99 4.34 .83 .48 
1938 4.57             3.58 3.89 .99 .68 
1939 4.66             3.66 3.98 1.00 .68 
1940 4.42             3.51 3.82 .91 .60 

1941 5.02             4.10 4.46 .92 .56 
1942 5.56             4.60 4.89 1.06 .67 
1943 5.60             4.50 4.89 1.10 .71 
1944 5.57             4.50 4.89 1.07 .68 
1945 5.50            4.50 4»99 1.00 .61 
1946 6.47             5.89 6.40 ,58 .07 
1947 8.29             7.18 7.80 l.ll .49 
1948 7.76             6.38 6.93 1.38 .83 
1S49 7.97             6.53 7.10 1.44 .87 

V^ Refined Sugar - Gross price including tax^ New York 

2/ Dextrose %drate - Quoted Prices Gross price. New York 
Solids prioei Assiaaes 92 percent solids, 

8 percent moisture 
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Tabli3 11. - Refined Sugar and Regular Corn Sirup, 43° Bes Prices and price 
differentials per unit of solids content, 1955-49 

Year 

1955 
1936 
1957 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 

.y c.s.u. 43°    ^ Differential 
Refined Supai Quoted Price Solids Price Quoted Price Solids Price 
idoliara per owt.) (dollars per owfc.) (dollars per owt.J 

4.95 3.61 4.50 1.34 .45 
4.79 3.55 4.42 1.24 .37 
4.82 3.90 4.86 .92 -.04 
4.57 3.11 3.87 1.46 .70 
4.66 3.08 3.84 1.58 .82 
4.42 3.30 4.11 1.12 .31 
5.0E 3.54 4.41 1.48 .61 
5.56 3.75 4.67 1.81 .89 
5.60 3.73 4.65 1.87 .95 
5.57 4.05 5.04 1.52 .65 
5.50 4.27 5.32 1.23 .18 
6.47 5.04 6.28 1.43 .19 
8.29 6.40 7.97 1.89 .32 
7.76 6.75 8.41 1.01 -.65 
7.97 5.97 7.43 2.00 .54 

2/ Refined Sugar*     Groiss price, including tox. New York 

Z/ C.S.U. 43*^j   Gross price, New York.    Solids content 80. 
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The cost of 100 pounds of 43^ B¿ sirup,  dry basis,  equals 
approxiHÄtely 125 peroeat of the quoted priea of 100 pounds of sirup* 
Thus, the dry basis differential between sugar and com sirup in 
1949 Tsas little more tfean one-fourth tlmt of the quoted price differential« 
For instance, the arerage price of sugar in 1949 was |7*97 T/Aiile the 
average quoted price of corn sirup (regular 43*^ Baum¿) was |5#97 — 
a differential of $2.00 per 100 pounds«    IShen the quoted price of 
corn sirup was adjusted to a dry basis (assuming 80«3 percent solids) 
the average price for 1949 becaiûe |7»43 per 100 pounds, reducing the 
differential to only 54 cents»    TOiere a Eianufacturôr wished to adjust 
for the lesser ffuwetening power of com sirup relative to sugar, this 
could be done only to -oie extent of 7 percent after an adjustioent for 
moistlare had been Mtde.    Any adjus-taient of more than 7 perc^xt would 
eliminate the differential between tíie price of sugar and the cost 
of com sirup on a solids basis* ^/ 

The above discussion has dealt with the relative cost of using 
stiptr and 43^ Baume regular com sirupy in barrels at New York# 
The cost of com sirup to a New York manufaotta-er aay be more or less 
than the above depending on üie following factorsî     (1) The density 
of BauittI of the sirup,  (2) the dextrose equi-mleirt;  (D.E.) of the 
com sirup uriiich is  used and  (S)  tto container in which the coim sirup 
is shipped.    Figure 18 presents the avei^ge 1949 New York p^ioe 
differentials between sugar and com sirups of various ^ume, D.E., 
and by tjTpe of shipping container»    When tibe quoted price of com sirup 
is used in deteimining the price differential,  each of the three factors 
above contributes to the cost of com sirup relative to sugar.  In 1949, 
the New York price differential varied between |1»70 per 100 pounds 
for higji conversion corn simip in barrels and |3.16 for regular corn 
sirup, 42^ Batime, in tank cars. 

If a manufacturer considers the cost of the solids content only of 
com sirup in oaloulatüig the difference in price between sugar and corn 
sirup, the Baume of the coam sirup loses most of its import ano e as a 
cost factor*    Then, on a solids basis, the dextrose equivalent of a corn 
sirup and the type of shipping contaiaaerdatenaines the extent of the 
price differential between sugar and corn sirup»    The cost of the dry 
substance, for instaiKse, in 42^ Be regular com sirup is higher than 
that for -üiíi other regular com sirups and is only less than that of 
high conversion com sirup*    (See figure 22}«    In 1949,  the New York 
price differential between refined sugar and com sirup (djy basis) 
varied between 24 cents per 100 pounds for hi^ conyersion ooim sirup, 
in barrels, and |1.98 for regular com sirup, 44° Be, in twik cars. 
M shown in figure 22, when the cost of com sirup is calculated on a 
dry basis the container differential becomes of relatively greater 
importance "aian for corn sirup on a quoted price basis*    In 1949,  the 
differential between the quoted prices for tank oar lots and barrels, 
oarlots,  equaled $1»11 per 100 pounds, while  the differential between the 
dry basis cost of tank car lots and barrels,  carlots, varied from |lt32 
to $1»42, 

22/ Obtained by dividing the price differential between sugar and corn 
sirup (solids basis) by the cost of com âiwip (solids basis). 



DOLLARS  PER   CWT DOLLARS PER CWT 

TANK CARS 

TANK  WAGONS 

RETURNABLE DRUMS 

TNR DRUMS 

BARRELS, CARLOTS 

^ 
■^ 

42^Bé      43*Bé      44*'Bé      45^*86      43**Bé 
 ^     HIGH D£. 

CORN SIRUP 

42**Bé      43**Bé       44**Bé      45**Bé 
REGULAR CORN   SIRUP 

QUOTED  PRICE BASÎS 

:;EGULAR CORN SIRUP 

DRY BASIS' 

43*'Bé 
HIGH DE. 

CORN SIRUP 

Figure 22 ♦-"Price different JA Is, according to quoted prices and prices on dry basis, 
between refined sugar and corn sirup unmixed, regular and high conversion, 
by type of container, New ïork, 194.9. 

Sources    Reports of Corn Products Refining Co. to ü.S#D.A. 
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Prioe data avallabl© iadicata liiat during aonaal supply periods, 
o ora sinyip is purolmsed laore for its oim inheront qimlities tima as a 
sweotön© r r©plao emeat fo r sugar , s iaoâ a maufactuator who r eplao es 
sugar mth corn sirup (dry basis) for sain^ags in aost, ©liminates 
those saTii^s if he Bttilces ar^ adjustseat for the lesser sweeteatag 
power of cora sirup«    HoweTsr, if a laeuiufaMS tarer's praxes ses peradt 
him to replace sugar with o ora sirup pound for pound, diy basis 
(MLking no adjuslaBent for the relative sweetening power of the two 
ßroduets), effeotire savings oan be realiged, depending u^n the scale 
of corn sirup purohasiag*    ïhe saviags from tank oar purchases of cora 
sirup are much greater than those from purchases of corn sirup in 
bairels, aad to a lesser extent, are greater than those when pxar cha ses 
are BÄde in other ooataiaers«    (The buyer's location, as has been 
pointed out previously, m&y also have an influence upon his decision 
as to the purchase of com sirup for a portion of his sweetener 
requireatnts«) 

Sug&r and Com Sirup Solids > Price data are available on corn sirup 
solids only for the years 1947 through 1949v    The average quoted prices 
for sugar and solids, 1947-49 are compared below* 

Table 12» - Refined J^gar and Com Sirup Solides Prices aad Price Differential, 
1947^9 

1/ 2/ 
Year    Refined SugarV   Com Sirup Solids -^   Price Differential 

(dollars per cwt#)  (dollars per cwtT)     (dollars per cwfc«) 

1947 8*a9 7.63 0.66 
1948 7.76 7.26 0.50 
1949 7.97 6.93 1.04 

l/Refined SugarÎ Gä?oss price, including tax. New York. 

Z/ Com Sirup Solids Î Price per cwfc., carloads. Hew York. 

As stated previously, corn sirup solids oontain between 2.5 aad 3.5 
percent moisture, ùa this basis, the dry substance of com sirup solids, 
-rtiere adjustment was made for moisture contjstit, would have cost between 
$7.11 and #7.18 in 1949 while the differential between sugar and solids 
would have approximated that of sugar and dextrose. Although the quoted 
price of corn sirup solids is much higher than that of com sirup, the 
dry substance cost is less than that of any com sirup purchased in 
barrels in carlot quantities. 
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FEDEaiAL AHD STATE REGUIATIOHS 

Introduction - Sweetener use in the laanufaoture of most processed foods 
is markedly influenced by both Federal and State regulations«     The extent 
of -Ulis influence orer food mnnufaoturers is of such importance that the 
various food processors and related industries ha^re recently established, 
staffed, and financed a Pood Law Institute, designed to stimulate basic 
instruction and research in faod laws or regulations as taught at 
university schools of law«  ~/ At first, these regulations, mhich define 
the type and frequently the amounts of sweeteners that Mty be used in 
coaniercially prepared foods, leaned heavily in favor of sugar as an 
e^aslusive sweetener*    The genesral direction of the changes which have 
been made in these standards over a ^riod of time has been toward 
allowance of a much broader range of sweeteners*    Although the principal 
reason for most of these changes has been to permit usage of corn 
sweeteners, m&ny of the laodifications have heen much broader in scope* 
Por example,  the food laws of many States now peraiit tiie use of any 
^pure, iriiolesosie, and nutritive sweetener*^ 

This chapter refers to two sets of Federal food standards î     The 
peiToaissive standards issued by the Production and Marketing Administration 
of the m» Sm Ite^rtaaent of Agricult^a*©, ajid the mandatery sli^ndards 
administered by the Federal Security Ageiioy^s Federal Pood and Drug 
Administration« 

In addition, most States and some cities have regulations covering 
permissible ingredients in certain food products*     Some of the State 
laws pertaining to sweetener use are as complete as those promulgated 
by the Federal  Government, while others contain only general pi^ vis ions 
on this subject*    A few States in the latter category provide no funds 
for the enforcement of such laws» 

The Federal food and dmxg laws genewilly exert a gr^^ter influence 
than U.  $• Department of Agriculture or State regulations on a 
manufactureras choice of kinds and amounts of sw^^eteners used in canned 
fruits and vegetables, préserveras items, and sweetened condensed milk. 
The Department of Agriculture's permissive standards are now operative 
in controlling a choice of sweetener in tinned and frozen products that 
are not covered by Federal food and drug regulations*    State regulations 
are more influential in affecting ssi^eteners used for such products as 
ice cream and soft driiiks lïhich are as yet not covered by either of íáie 
two types of Federal standards«   24/ The roles vñxíoh the regulations of 
the Pood and Drug Administration, the Department of Agriculture, aM 
selected States play in influencing types and amounts of sv^eteners used 
in processed foods are discussed separately below* 

23/ Food Field Reporter,  DecODiber 5, 1949, page 38* 
IS?/ In order that those who manufacttire products <^vered by idae 

Pood, Drug and Cosmetic Act comply fully with läie regulations, 
they should read the standards in complete context, rather than i«ly 
on the summarizations ana interpretations given here* 



- 80 - 

Food and Drug Adiainistratioa StaMards 

teimed fruits ^^    Olie canned fruits for which Foró and Drug A&ttinistration 
standards are in effect include csmned peaches, apricots, pears, cherries, 
and fruit cocktail*    For each of these products, optional packing inedia 
and the pemitted i^tnge in density of packing ssedia are presori'bed» 
Rïr all these products e^Dsepfc fruit cTCkfcail, ten optional packing a»^a 
are allowed as  folloims 

(1) mter. 
(2) Fruit juice (p^ioh, apricí^b, pear, or cheriy juice 

to which no imter has been added). 
(3) Sligïitly sweetened imter» 
(4) Light sirup. 
(5) Heavy sirup• 
(6) Exbra heavy sirup» 
(7) Slightly sweetened fruit jiaice» 
(8) Light fruit juice sirup. 
(9) Heavy fruit juice sirup« 

(10)    Extra hea^ peach juice sirup. 

For each ©f these packing ra^dia from 3 to I0> there is establii^ied a 
^rmitted range in density, as measured by a Brlxn«ding 15 days or 
more after the fruit is canned.    The rimge la density allowed for eacJ^ 
of -öie packing media varies sameiirimt by type of firuit.    Hoi/^^er, t&e 
following d^isities perMtted for canned peaches are typical j 

Humber of^ Pao king Medium 

3 and 7 
A and ff 
5 and 9 
6 and 10 

Density in Degrees Brlx 

Less thaa 14*^ 
14^ or more btrfe less than 19^ 
19^ or^jnore bxrb less than 24^ 
24^ or m^re but not more litan ZÉ 

No sweeteners are used in optional packing media 1 or 2.    Sweeteners 
are used with "mter as táie liquid ingi-edient in media 3  to 6, inclusive, 
and with the juice of the particular fruit as the liquid in^edient in 
media 7 through 10.    Packing media 3 to  6, inclusive  (^hose mth mter 
as  the liquid ingredient), may be prepared id.th any of the  fblïowing 
sweeteners^ 

(1) 100^ sugar or inverb suptrsiînip.-^ 

Based on Federal Security Agency, Pood and Drug Âdmn. Definitions 
and Standards for Food, SM, FDO-2, Rev. 1, Dec. 28, 1948, pp* 34-47; 60-68. 

2M^  Invert sugar sirup is defined as "an aqueous solution of inverted or 
partly inverted, refined or partly refinedl sucrose, the solids of ^ich 
contain not more tl^n 0»3 percent by weight of ash, and i^hich is color-' 
less, odorless and flavorless except for sweeteners. ^ This, of cotirse, 
would include invert sugar and all gmdes of liquid sugar which n^et the 
ash requirement since even the sucrose type liquid sugar is partially 
inverted» 
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{Z)    Su^BT and dextrose, wiui not more than l/S 
the solids as dextrose« 

(3) Su^ir and com sirup or com sirup solids with not aore 
than 1/4 the solids as mm sweetener» 

(4) Sttgar, deacfcrose, and 00m sirup, or ciarn sirup 
solids, with twice the weight of the dextrose 
solids plus three times the weigW; of làie œlids 
of 'the 00m mlrw? or COî^ sirup solids not more 
than the wei^t of iâm solids of the sugar« 
(From 1/4 1ä) l/s wiy be in the foim of o cm sneeten^r, 
de^nding on libe r ©latiré am^woa^s of dextrose and 
oojna sirup or mam sirup solids»    IBie weight of tîie 
solids of the ©oim WBseti^ier woiûd approaoh 33 pero®at 
^en practically all of it is de3ctrose m^ 25 percœit 
when it is largeij ^im sirup or ooim sirup solida)» 

î%tf*lî^ m^MßBi 7 to 10, inelueîTe (1iii»9 with the natui^l fruit of the 
j^ioe fts the liquid ingiroâient) may he pi^pared with any of ttie aboTO 
s^etening in^'edients eipeffe Hiat m^ iw-ert sugar sirup say be used and 
TOm sirup aey be used only in the dried form (com sirup solids)» 

The Foaa and l^rug Mœinistration regulaticms with respect to labeliiag 
requiraaants for canned peaches, speoifär ^laa*  the name of the sirup 
density a;s a ^oMng media be indicated.    However,  there are no requlra- 
laenfcs with i^speot *© identifying the particular s-wseteners UB#d» 

Caained vegetables - In canned vegetables» except for those few for isÄiich 
specific  standards exist, sweeteners are used essentially as seasoning 
agents»    Food and drug regulations permit the use of either sugar or 
dextrose, or both, for this purpose, without any limitations on amounts 
and with no requireanents for label declaration^ 

Fruit preserves,  jams,  jellies, butters f^-    Pood and Brug regulations 
for pure fruit preserves,  jams and jellies require that they consist of 
not less than 45 parts by weight of fruit ingredients to each 55 parts 
by wei^it of perndtted sweeteners.    The following optional saccharine 
ingredients are permitted! 

(1) Sugar 
(2) Invert sugar sirup 
(3) Any combination of sugar and invert sugar sirup 
(4) Dextrose in combination with either  sugar or 

invert sugar sirup, or both» 
(5) Com sirup in ccEfcination witii either sugar or 

invert sugar sirup, both sugar and invert sugar 
sirup,  or mth sugar,  iißrert  sugar sirup, and 
dextrose»    In liiese coHäDinations the solids weight 

27/ Ibid, pp» 47-54» 
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of corn sirup csamot exceed half the total 
solids weight, suQd th© solids T^ 
other CQii5>oiieirfc bithe^^ c b© 
less than 10 peroMi^rthe tÊ>tal sol^^^ 

(6)    Honey 

(^)    Ar^ oombination of honey witíi sii^ siigar 
sirup,  or both,  in which the solids weigW        the 
honey is not les^ than 4Ö percent of the -totel 
solids weight a^^^m s^^^Liäs wei^ of mj&h 
component other Uian honey is not less than 10 
percent of the total solids weight, 

When Iwney is "öie sole sweetening agent (option 6 above)^ the l^b#ï 
ïaust bear "tíie state^nt "Rre|mred with honey. «   men eil^er eom sirup or 
honey is used in coitotaati^i with other ^eet^tó^s  (options 5 ^d 7 aboire)^ 
the label must bear the zmaes of the c^^onent ^leetener^  in order of 
predominance by weight» 

Food and drug regulations proTide that fruit butters b^ prepared mth 
ii£rt:  less than & parts^ % wei^it^ of fr^it to each tiro^ i»rta, WweiAt 
of ^Keeteners» ZB/ 

The optional sweetening ingredi^ffitei arer 

(Ij Sugar 
(2) Invert sugar sirup 
(3) Brown sugar 
(4) Insert brovm sugar sirup 
(5) Honey 
(6) Com sirup 
(7) Aï^ combination ooiapos^d of two  or more of 

optional ^weetM.ing ingredients^ X^ 5, and 6. 

(8) Any c<^¿)iriation of de^ 
iaogredients 1,^> 5, 4, 5/ e^^^^ 
compi^tent, the wei^ of its  solids ^^^B^ 
less than 40 percent of the total solids weight 
of the conbiimtion» 

mien honey or cona sirup is used as the single sweetening ingredient, 
(options 5 and 6 above),  the label must bear the statement  "Prepared with 
Honey» or "Prepared mth Corn Sirup," as the case may be.    TOien com ^irup 
or honey, or both, are used in combination with other sweetening 
ingredients,, all the ccanponants of the coEi>ination must be listed on the 
label in order of predomiimnce by weight* 

^28/ Ert^t butters n^y be mde without sweeteners if "öie seasoning ingredient 
is composed of fruit juice or diluted^ fruit juicei or concentrated fruit 
Juice in a quantity not less than o ne-half the weight of the optional 
fruit ingredient. 
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Coo oa ana ©hooolate product s _/- Insofar as conf ectionory iteias are 
concerrijedj the Federal Ibod aiad drug standards relative to sweeteners 
apply only to the laeuatrfacture of eocoa and chocolate products»    The 
following discussion refers to the standards for sweet chocolate and 
sweet chocolate coatings»    Either all su^r, or combinations of sugar 
with eilfcer or both dextrose and com sirup solids are peimitted to be 
used in these products, with no requirements for declajrations of 
identity on the label for any of these ccaabinations»    There are, 
however, liiaitations on the aiaounts of dextrose and com sirup solids 
^ich inay be used in coïribination wi th sugar*    These limitations are as 
follows I    (1)    St^ar and dextrose - not more than 33 percmit of the 
total sweetener as dexfcrosei  (2)    Sugar and corn sirup solids - not more 
than 25 percent of the total sweetener as com sirup solids; and (3) 
Sugar j  dexfcrose,  and com sirup solids -    **•• »three times the weigfeb 
of the solids of the dextrose used plus four times the weight of the 
dried corn siiup used is not more than the total weight of the solids 
of all the saccharine ingredients used»"    This means that when the 
3 sweeteners are used in combination, the weight of dextrose plus ttiat 
of corn siriç> solids would approach 33 percent when practically all 
the corn sweetener is dextrose and 25 percent when it is largely com 
sirup solids»    Only the anhydrous type of dextrose maybe used»    Honey, 
molasses, brown sugar, or iraple sugar may be used for flavoring purposes» 

30/ Sweetened condensed milk ■—f - The Food and Drug Administration defines 
sweetened condensed milk as ?•.• the liquid or sraii-liquid fbod made 
by e-Tapora-fcing a mixtiare of  sweet milk and refined sugar   (sucrose) 
or any carabination of refined sugar  (sucrose) and refined corn sugar 
(dextrose) to such point that  Ihe finishôd sweetened condensed milk 
contains not less than 28^0 percent of total milk solids, and not less 
than 8»5 percent of milk fat»" 

The only stipulation with respect to the quantity of sugar or sugar 
and dextrose which may be used is that it be sufficient to prevent 
spoilage»    Condensed milks may also be imûo with corn sirup <^ corm 
sirup solids either alone or in combination witii sugar»    However, these 
condensed milks camïot be called 'sweetened condensed but must have tÈae 
following nomenslatureÎ 

(l)    If all com tórup or com  sirup solids are lisedt 

(a) Corn sirup condensed milk, 
(b) Condensed milk with com sirup, or 
(c) Condensed milk prepared with com sirupsk man. 

29/ Ibid» pp»  7-12» 
30/ Ibid» p» 30» 



j (2)    If corn sirup or oom sirup solids ar« ooELbined 
with sugars 

(a) peinent oom sirup so lias      percent sugar 
oo33dônsed miik, 

(b) Gondeased milk wii;h      percent <Kïm sirup solids, 
percent su gar j 

(o)    Condensed 1BÍIk pre^rediffitfa     percent ooi^ sirup 
solids,      peroent sugar« 

IñrozOTL fruits jy ^ Fedeï^l food and drug standards currently are being 
íbnüiljited for frozen ftmits•    TOiile there are tiro types of containers - 
housetold ]^u3k and bulk-siae  (oonuaercial)—we are concerned here priii&rily 
wiiài the household pack*    VShen frozen fjmits are to be put up with a 
dbr^r pack, the proposed s-bsuadards would allow four optioi^ in swtetening 
iñigíi^iisñt or Jji^redienfcs, as followsÎ 

(2) 
Su^ir only 
Sugar and dextrose 

(5)    Sugar and coimsiri^ solids 
(4)    Suear, dextrose, and corn sirup solids 

Xn co^iaation 2, 3, said 4,  the weight of the sugar shall be not less 
than two-tíiirds the total sweetener weight.    Ifflien a liquid pack is tjused for 
fit>zen fruit, the proposed standards woiild allow use of these swéet^merst 
Si^ir, Inrert sugar sirup, dextrose,  com sirup solids, corn sirup, and 
glucose sirups.   Ifhen a liquid pack is isade by using one or more of iáiese 
optional sweeteners, for most products the ^cker would have a choice of 
t^mr -^^B of sirups with solids contrat,  in degrees Brix, as followst 

(1) Heavy sirup - not less than 60° 
(2) Medim sirup - 50O to 59*9^ 
(3) Li^ sirups - 40^ to 49.0*^ 
(4) Sweetened imter - 30^ to 39^9® 

itor 1, 2, and 3 the total solids centent shall consist of not less 
^amm two-^irds by -sraight of sugar or in^^rt suj^r, or ai^ mixture of 
^ÊÊBmm two i^i^eteners« 

32/ 
Por the coaiaercial packs —f of frozen fruits, the proposed Rsod and 

Drug standards would require^label declaration both as to the fruit-to- 
sweetener ratio and as to identiiy of sweeteners used«    They als© would 
require listing tàie sweeteners in descending order of predominance by 
weight.    For packs destined for household use,  the proposed regulations 
prescribe label identification of sweetener tised and indication of 
Tñfeether a liquid or dry pack was used» 

31/ FedeMl i^curity Agency, FoM and Drug Aâmnistration. Frozen îVuits, 
îîoti/oe of Proposed aale Making witái Eespect to Definitions  and Standards 
of Identity and Standards of Pill of Confcain©r,Fëderal Register To 1.15 No 192 
Oct^er 4,  1960, pp. 6674-86, '    ♦ î^^. 

32/ Packs used by bakers, ice cr^aa producers/ etc.  in jmakihg products 
^onbatning froxsn firutts. 
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Ice oream^ sherbets^ and  ices -^^ Pursuant to notices published in the 
Federal Register of Hovember 1 and November 19, 1941, a hearing isas held 
on proposals to adopt definitions and standards of identity for ioe cream, 
frozen custard, sherbet, water ices, and related foods. A tentatire 
order Tfsas not published because the War Pood Administration had issued 
regulations reötricting the use of some of the raw materials used in 
the preparation of the aboTe-desoribed foods. Further action relative 
to the promulgation of definitions and standards of identity for these 
foods was deferred until recently. 

As proposed in the notice of hearing, the suggested standards would 
perBdt these sweeteners in ice creamj sugar, invert sugar sirup, 
dextrose, corn sirup, corn sirup solids, juaple sirup, maple siigar, 
honey, brown sugar, and molasses. In sherbets and ices, only these 
sweeteners would be permittedî sugar, invert sugar sirup, dextrose, 
corn sirup, and corn sirup solids* These sweeteners could be \ised 
singly or in any desired combination of two or more» 

As now drafted, the suggested standards would not net a maximum 
or minim\m sweetener content for any type of frozen dessert» However, 
in the case of ice cream, the minimum total solids content, láie weight 
of the finished ice cream per gallon and the minimum butterfat content 
are specified, and, under "Findings of fact,*' minimum nonfat milk solids 
are taken into consideration. Thus, for ice cream containing a minimum 
total solids and a minimum butterfat content, a imximiBn nonfat milk 
solids content would tend to create a lower limit for total sweetener 
content since this would be the residtml portion of total solids 
remaining in the average ice cream mix. 

Bread ^^'^  The proposed Food and Drug Administration standards for 
bread provide that in preparing a kneaded yeast-leavened dougih, the 
following optional sweeteners may be used: sugar, iiivert sugar, invert 
sugar sirup, li^t--colored brown sugar, refiner's sirup, dextrose, 
honey, glucose sirup, com sirup, com sixrup solids, nondiastatic 
(dried) malt sirup, molasses (except blackstrap). The proposed standards 
would permit the use of combinations of two or more of these sweeteners 
without limiting the percentage araotmt of any one sweetener, and would 
establish no minimum amount of total sweetener» 

In suEEary, Federal food and drug regulations always permit the 
usage of su^r as 100^ of the total sweetener but they often place 
limitation on the amounts of corn sweetener allowed. A sumnary of the 
effect of Food and Drug Administration regulations on usage of dextrose, 
com sianip, and corn sirup solids is as follows: 

gs/ Federal Security Agency, Pood and Drug Administration- Ice Cream, 
Frozen Custard, Sherbet, mter Ices, and Related Foods; Definitions and 
Standards of Identity. Ifotioe of Hearing. Federal Register Vol. 15, 
No» 152, Aug. 8, 1950 -pp. 5112-21. 

3^ Federal Seourity Agcmoy, Food and Drug Administration. Bakery 
Products; Defii^tions and Standards of Id«itity. ïtotiaô of Proposed Rule 

Ifcking» Ibid, pp» 5102-12» 
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Canned* Pruit s 
Dextrose Com Slinap Com Siriip Soli<is 

May be used only in 
coDibiïjation with 
sugar or sugar and 
other oorn sweeteners • other c om 

sweeteners 

Wsiy he uBeá 
with sugatr 
or sugar and 

May be used only 
in coiribÍ3mtion 
with su gar or 
su^r and other 
0 arn sweet ener. 

May not be more than 
1/3 of total 
sweetener 

Canned 
vegetables    m limitation 

May not be more May not be laore 
than ]y^ of than 1/i of total 
total sweet BnêT* sweetener • 
Cani^t be used 
when fruit Juioe 
is the liquid 
ingredient. 

îfot permitted      Not permitted 

Pure fruit May be traed only       May be used only 
Preserresj  ¿ama in caabination in coafcination with 
ai^ jellies with sugar or sugar sugar or with sugar 

and com sirup. and dextrose. 

Not pei^tted 

Ho maxlmiam % of 
total sweetener 
speeified. 

May be not more than 
half the total 
sweetener. 

Fruit butters 

Goeoa & 
chocolate 

lilhen used,  label 
identification of all 
sweeteners in order of 
predominance is required. 

May be used in com-      "Wien the osniy sweeten- 
bination with sugar      er used, label must say 
or com sirup,with        "Prepared with corn 
no maDdtiium percentage    sirup." lil/hen used in 
limit of total sweeten- oombiiaition with other 
er speoif ied. sweetener#all must be 

stated on label in 
order of predaminanoe. 

Must be anhydrous 

May be vmed only 
with sugar or su^r 
and <a>m sirup 
solids and Bay not 
be more than l/3 of 
sweetener» 

Hot permitted 

Hot permtted« 

May be used only 
in coíübination with 
sugar or sugar and 
dextrose and may 
not be more than 
1/4 of total 
sweetener* 
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Sweetened 
condensed 
milk 

Frozen fruits 
(proposed} 

Dry Pack 

Dextrose 

May be used only in 
G ombination mth 
sugar with no limi- 
tation on percentage 
which it may constitute 
of total sweetener 

May "be used in com- 
bina ti on with sugar 
up to 1/3 of total 
sweetener» 

Corn Sirup 

Hot permitted 

Hot mentioned 
with dry pack* 

May be used in com- 
bination with sugar 
and com sirup solids, 
but sugar must be not less 
than 2/3 of total 

(Glucose Sirups) Same as for com sirup* 

Liquid Pack May be used in com- 
bination with sugar 
up to 1/3 of total 
sweetener» 

May be used in com- 
bination with sugar 
and com sirup 
solids, but sugar 
must be not less 
than 2/3 of total 
sweetener» 

Corn Sirup Solids 

Hot permitted 

May be used in 
combination with 
sugar but cannot 
exoeed 1/3 of total 
sweetener« 

May be used in com- 
bination with sugar 
and de ist rose but 
sugar must be not 
less than E/S of 
total sweetener« 

V/hen fruit is packed 
in bulk-size con- 
tainers to be used 
in the preparation 
of other ibod 
products, may be used 
as all the sweetener. 

May be used in 
combination with 
sugar up to l/3 
ot total sweeten 
er» 
lihen fruit is 
packed in bulk- 
size containers 
to be used in the 
preparation of 
other food pro- 
ducts, corn sirup 
may be used as 
all the sweetener» 

WBLJ be used in com- 
bination wiiái sugar, 
but sugar must be 
not less than 2/3 
of total sweetener» 

Frozen Desserts 
(Suggested; 

Bread 
(Proposed) 
954135 O—51 -7 

Ho limitation 

Ho limitation 

Ho limitation 

No limitation 

Ho limitation 

Ho limitation 



Although Federal food and drug ragulations seem t^ com 
sweetener usage to many food indus trie s >süöhtim tat io in 
generafl, well within tlie accepted practicas; of the various  sweetener-^' 
using industries»    There are instances, howeirer, where all or certain 
portions of an industry would like to  see certain proTisions altered. 
A case in point is the labeling requirementvfor com 
preserved Items♦    Many presea-rers would :prefer to have the regulati 
permit 26 percent corn sweetener withaut label  dBclaxation th^i 50 
percent with label declaration* 55/ It will be noted that the regulations 
are generally much mïre restrictive with respect to the usage of corn 
sirup "tíhañ for dextrose.     This restrictiveness on corn sirup is 
reflected either in disallowing its use ia a product or by permitting 
it to be used but as a lower percentage of^ total sweetener than is 
allowed for dextrose*    Also^  labeling requirements for com: sirup are 
somew]mt\inûre stringent than for dextrose^  speciecally regar 
preserves ajod condensed milk. \ ^; V 

United States Department of Agrioulture Standards ^^^—^ 

The standards  for grades of the •U.E«Departtoe^ of Agriculture^     " 
Production and Marketing Administration differ from Food m 
Adrrdnistration regulations  in that they are permissi^^^^^ than 
manda toiy.     If,   however,  a food: proees sor pacte  his  pro duc t under 
continuous  Government inspection and;uses the U.   S^   grade statements     V 
on the labels  on his product^  he must,  of coia-se^ meet the requirements 
of the  grade stated on the label,   \The^ïï-r: S.  D^artment of:Agriculture's 
permissive standards do not conflict with the Food and Drug Administration^i 
mandatory regulations > :   :"::^^     -' "     ' ; ^ -  -- ■-'"■^\:'   ' ■ ■■' ^^ ™ v--'- '■■ 

The USDA standards may be divided into five groups,  insofar as 
sweetener usage is concerned^    Products for which Food and Drug 
Administration Standards 8.re accepted,  products with or without any 
sweetener, products with or without" sirup>-with^ or %vithout sugar or 
sirup,  and with or withoxit  sugars -^^/     T: V   :; , ;' -       ] 

Products for which Federal Food^ and :DrxigStandajfds are Accepted - /- 
For many products,   sweetener provisions^f the; IJSDA standards are 
merely an acceptance of Food and Drug Administration régulâtions# 
Included in this category are almost ;a 11 the.presörved items and the 
follomng canned fruits and vegetable SI    Apricots, c i^uit 
cocktail,  peaches and pears| beans ^ beets, carrots,  corny succotash 
and sweet potatoes« : 

Products With or Without any Sweetener - The U,   S« Department of 
Agri c ultur e standards allow many pro duo ts- to be pro ces se d mth or wi th- 
out any sweetener*     Canned items  in this o at ego i^ inolude r Grapefruit 
juice,  orange juice,   orange and grapefruit juice,  ta^ëriñe  juice. 

3S/At the January 1951^   Food a^d Drug hearings o^ 
for preserves, this recomiendation was made for  changing the existing 
standards# /   : ^   : :    ; v    v 

36/ This discussion of USDA standards is based on standards  in 
effect on January 1,  1951.  Full infornation wiiai respect to the standards 
for any product can be obtained from Processed Foods  Standardization aM 
Inspection Division, Fruit and Yegetables Branch,  PÎIA^,   USDA,Washington 
25, D. 0^ : : V:' :^^-       , : : : /::^ 
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pineapple and pineapple juice* Frozen items include: Berries, 
(strawberries, raspberries, blackberries, boysenberries, etc.), 
cherries, grapefruit, pineapple and concentrated orange juice. 
No restrictions are placed on the kind of sweeteners which may be used 
in either the canned or frozen iteias which U. S* Department of 
Agriculture standards allow to be packed with or without any sweetener» 
No amounts of sweeteners are specified for the frozen items* A 
minimum brix is established for each grade of the canned Juices, and 
certification to grade is required to indicate the density found to 
be present in the samples tested. 

Products With or Without Sirup - USDA standards permit several    V 
products to be processed '%ith or wiidiout sirup," with the sirup not 
defined as to type or composition« These include canned apples, figs, 
and plimis* Except for apples, the standards specify minimum brix 
for sirups of varying density which may be used for these products» 

With or l/B-thout Sugar or Sirup - For a few frozen items, U.  S. 
Department of Agriculture standards specify, with respect to sweeteners, 
that they be processed 'Sri.th or without sugar or sirup«" Included in 
this group are apples, apricots, peaches, and rhubarb» SiiKîe sugar 
is not defined as to source or type, and since no restriction is 
placed on the type of sweetener placed in sirup, TJ» $• Department of 
Agriculture standards affect the type of sweetener used only to the 
extent that they should comply with requirements of the Food and Drug 
Administration» 

With or Tfithout Sugar '■ For a few products, the Department of Agriculture 
standards formerly specified that they be processed "with or without 
sugar," and sugar was defined as sucrose» !Ehese included canned 
blackberries, blueberries, raspberries, grapefruit, grape juice, and 
peas» Use of any com sweetener was thereby prohibited in these 
products by Department of Agriculture standards* However, the term 
"sugar*^ has been changed in some instances to read "sweetening 
ingredient«*^ 

State Food Regulations 

Most States have food laws or regulations, applicable to specific 
food products processed for sale within the State^ which contain 
certain provisions with respect to types or amounts of sweeteners used» 
These laws may be supplementary to or in lieu of Federal regulations 
for a ^ven product, or may be in direct opposition to Federal standards» 
If no Federal standard exists for a specific product, the S-te.te laws 
form the basis for establishing sweetening requirements, even if the 
products enter interstate comaeree» 

In connection with this study, a resume has been made of the 
sweetener provisions of food standards for the following States s 
California, Colorado, Georgia, Illinois, Iowa, Louisiana, Massachusetts, 
Michigan, Mississippi, New Hampshire, Hew Mexico, New York, Ohio, 
Oregon, Pennsylvania and Wisconsin. 
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la instaîiBes tiher^ a food prodisst is aawrad^ 1^^^ 
and dbrug standard, the laajority of these States were found eiläier to 
adopt those staaadarde or to make it permisi^^Te for administra tire 
officers to use them as a basis for enforo^ent«    A few Sta^^s have 
little,  if any, published State regulation and rely aüiost completely 
on Federal regiilations •    If most of the processed foods <K>nstam0d in 
a State are procfcuced outside of such State (and consequently^^^^f^^^ 
under -toe Federal standards because of their entering oiajanel^ of 
interstate coHmeroe), there is little necessity for State regulations« 
Hew Mexico is a good example of a State in this category«    37/ 

States in^^bioh a large Toluae of sweetener-containing foods are 
manufac tured, may hare as imilar d-^irth of thei r own laws relatiaag to 
the procèssiî^ of foods simply bewaause the Federal steafidards ha-y-e been 
accepted as the basis for State regulations over such a long period 
of time«    New York is a good example of tteis -type«    38/ Two of iiie 16 
States, Pennsylvania 59/and Msoonsin, 40/ do not accept Idie Federal 
Food and Drug stemdards, decreeing tíiat only statutes passed by their 
own regulatory authorities are valid Mtaintíietr^^ 

A few otíí^rs bave no provisions in State laws for accepting or 
rejecting idie Federal standards♦ 

Sevew.1 interesting examples of inconsisteœy occur in the State 
food regulations studied«  In one State the reguíations prescribe tJmt 
no food reflation in the State can be more stringent tlmn, nor 
conflict witil,  the Federal food and drug standards, but at same time, 
«lother part of the statutes in force prescribe that the State enforce- 
ment agency is required to accept the FMeral food and <ü^ 
eassept uribtejre they conflict with the State law«    In another case, à 
Sl^teM food regulations of 1942 provide that ^^sugar alone is permitted 
as a sweetening agent," while its 1948 replatioi^ permit the use of 
any *'pure, nutritious, wholesome sweetenersj'* yet "both are in eff^t 
at the preseoEit tiste«    The situation is no doxibtresol^isdb^ 
enforcement of the latter rather than the former regulation« 

37/ Hew Mexico Laws of 1927 as amended, CImpter 97, Section 8A, 
P&imgraph 8j and Section Su, Faaragr^pha 1*3^^ inclusive« 

38/ Hew York Departaaent of Aj^culture and Markets • Agriculture 
and mrk^t law.    Circular 670 > 1943, p. 4, 15, and 16« 

J^/Peam^lvajaiU. Ice Cream IäW, iyct of IS^ 
by ^t of June 5, 1937, No« 350« ?•!• 1672« Sec« 1« Also Penniylvania 
Cteieral    Foods Law, Act of May 13, 1909  (P«L»^ 520) as ajronded by -öie 
Acts of April 26, 1923 (P«L*  88)« May 22, 1933  (P«L#  899) aj3d tfee 
Act of June 1, 1937  (P«L«  1127)« 

^^* See Wisconsin Statutes,  1947,  Gh*  97, Ifetiry Food and Drugs« 
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Soma Stat® laws opai^te specifioally to prohibit the inclusion of 
certain sweeteners in a product» For e^sample^ in Wisconsin lïhere 
Federal laws are specifically rejeotedj the State law requires the 
use of only sugar (sucrose) in canned fruits• apparently the Wisconsin 
laws are enforoedji since the fruit canner s surr^ed in that State 
reported using all sugar» It is interesting to note that in Pennsylvania, 
where Federal food and drag  standards are specifically rejected but 
irtiere there is no State statute covering canned ftruits, the fruit 
canners surveyed all reported using both dextrose and sugar« 

Of all the State regulations governing sweetener use analyzed in 
connection with this study, those pertaining to ice cream and soft 
drinkM  appear to be the most significant in affecting competitive use 
of sweeteoiers« This is largely b«>ause these products are not yet 
covered by a Federal food and drug standard« 41/ For idie 16 states 
for ^ioh the food regulations were analyzed, aorief digest has been 
made of the sweetener provision with respect to ice o ream ^id soft 
drinks» 

Ice cream - In New Mexico 42/ and New York, 43/ the laws speeify 
^'su^r^ Ibut do not specify'^e type (cane, beet, or corn), irtiile in 
Massachusetts 44/ sweeteners used in ice eream are limited to sugar 
only and su^ir is defined as sucrose. However, there appeared to 
be mo enforcement of 1äie Massachusetts regulation as 75 percent of 
all ioe cream firms contacted in that State were found to be using 
one or more of the coam sweeteners along with sugar» 

41/ See pagel^for a discussion of the proposed Federal standards 
for ice ©reem# There are no proposed Federal standards currently 
under eonsideration covering soft drinks« 

42/ New M^clco Dairy Commission, Hew Mexico Dairy lawsi Rules 
and leíalations governing the Operation of Cream Stations, State Col» 
New Mexico, Sept« 19S7. 

48/ H. T. Bept» Agrio • and Mkts. Artiole 4A of the Agriculture 
andJ^Sxkets Law Helatiag to Prosen Desserts• Ciro« 673. Albazy. 
April 1,1948, Sec. 71A,p#l* 

44/ General Laws of Ifaissachusetts - Chapter 94, Section 650*653, 
inoltisiTe, as amended by Chapter 373 of the (Mass«) Aots of 1934* 



- 92 - 

^B wímá 9sià á^^B m^ dß a Miohigaa liMr ö^ 
T^lBâiire to e.á'úItmréasLtB in food prodïi&tr^éoifiês tdt^ 
or g«pe sugar b© tig#dMthout label d'aol&rfi^óa of Miid aa^ 
^ -bhoso svdotenoñ iriiieh th« food ©oötsdÄ«*^/ &ö lafrfer lasr i«^ 
never be€ni repealed*    The re^aaiMiag 12^^^^ tiw 
use of any of the eora siieetexiers as imll^ M sug&^ 

Most of the State laws goTeraaiag ice ereaa and other fro «en 
desserts rarely hare anything to say about the perocoitage of total 
nei^t of product whioh shall be ocaposed of sweeteM 
the aaouats uáed are controlled isdirec^^ siiièe iäie aiJ.^^ 
of butterÄt and tofcal solids are usually sti^alated«    flWlle soai 
State ioe creaia laws spell out "tixe reqi^red mnimun pexts^.tage of 
both milk solids non-fat and butterfat^ ^0 regulations are more 
likely to speoifytàaperoMtage of total iieii^t of produot^^^^ 
must be oomprised of food solids and the proporfcion of äiis «hiab 
must be butteret, learing the balance to be distributed between 
milk*solids, non-fat and sweeteners at 1*.e discretion of the Mnufast«a*er« 

The minimum pero^atage of total solids in ice oji^aa usually 
specified in the State laws analyzed, ranged from 33 to 39 pe^œt, 
irtiils the mimawimi butterfat requirfments irere norsmlly fr^ 10 to 14 
percent«    ÏÏaere appeared to be no relationsMp between lâiemiaim^^ 
butterfat specifications and the amount of sweetener used«    That is, 
whetjier a State law required 14 percent or 10 pero^at butterfat did not 
appear to influimce particularly the aaetuñt of sweeteners used» 
Instead^ the manufacturers were more i^lined to a^d^ust milk-solids 
non-fat rather than sweetener to stay within the minipm^roentag 
of total solids «Id butterfat as specified by State law, and to j>rotóde 
the desired balance in the finished product« 

In most States ice cream imnufacturers are Jfree to uti any 
suitable carbohydi^te sweeteners - tóther as a result of new, rewritten, 
or amended laws containing a liberal list of acceptable sweeteners or 
the non-enforoemiMLt of restriótiTO laws»    Some States are awmiting the 
promulgation of -üae Peder«! law before passiug fffcate legislation on 
the subject, in order üiat the two may be in agreement*    MeaswÄiile^ 
in many States enforcement is based more on realistic praotieee in the 
industry than on adhering strictly to tbe letter of out-moded legis-^ 
lation» 

Soft drinfa - The aanufacture of soft dj-inläi was not fouad to be as 
uniformly coTered by State food regulations as was ioe cresm#    Ctoly 6 
out of 16 States surveyed were found to have specific regulations 

45/ Michigan Dept« of Agr. Laws Ralating to the Department of 
Agriculture, Lansing* 1943/ Act Mo* 222, p< 139 and ^t So#254, 
pp*  26-2T« 



• 93 - 

eoToring permissible or required aweateaers for Idiis type of product» 46^ 
Others proMbit the use of saccharin in soft drinks idiile soine have 
genarul laws pertaining to all food products» All of the State soffe 
drink laws aim lys ed permit the use of at least one of the com sweeteners 

46/ Illinois^ Louisiana, Michigan, Ohio, Pennsylvania, and Wisconsin» 
For details of these regulations, seei ^ 

^ Illinois I^ws with Regulations and Standards Enforced by the 
Division of Foods and Dairies of the Department of Agriculture. 
Chicago^ 1949» ^ge 89» 

h/  Louisiana State Board of Health» Bottled lAiater and Other Bottled 
Garboimted Beveimges» Reprint from Quarterly Bulletin« Baton ^ouge, 
September 1945« chap» 4» 

o/ Michigan Dept» Agr» laws Relating to the Department of Agriculture« 
I^nsing» 1943» pages 71-76. 

^ Ohio General Asseiably» Amended Senate Bill No» 190» Columbus. 
Èfe.y 1949» 
Ohio Food and ^iry Laws and unitary Regulations and Standards^ 
Amended Regulations 24 and 25. March 18, 1949. page 198» 

B/ Pennsylvania Departeent of Agricultm-e, Bureau of Foods and Chemistry« 
Title II, Ch Z?I. Standards for Non-Aleoholio and Carbonated 
Beveragea and Still Drinks» Artiole 1602* Carbonated Be-rerages and 
Still Dri.n^ Law» Public I^w 730 as aiiended. Sec. 5» 

î/ Wisoonein Department of Agriculture^ Wisconsin Statutes 1947» 
Chapter 97, Dairy Food and Bimgiji Sec» 97»09^ Regulation of 
Soda Water Bererages» 
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though the statutes of Peimi^lTania limit their use to^^d^^ 
Of the 6 States having specific régulations containing sweetener use 
in soft drinks, all e3©ept two (Louisiana and Vii scons in) specif 
minimum percentage of sweeteners which must be used.    Rie miniifflm 
peroenteges are 8 percent by weight for all the States  except rilinois, 
where only 5 percent is required. 

Infornation obtained frosi interriews with soft dAnk manufactitt'ers, 
and analysis of a representative' group of State laws governing the 
use of sweeteners in these products, indicate that existing legislation 
on this subject ordinarily do©B not affTOt significantly the choice 
of sweeteners.    However, as soft driiüc standards are rewritten^ or 
as States add a standard covering these products for the first iAim, 
the portions describing permitted sweeteners are generally broadened 
sufficiently to place no restrictions on the use of sugar or any of 
the com sweeteners #    Biis breadth of policy frequently is achieved 
by a general statement in the regulations pemitting the use of any 
pure, nutritious^ ■öAiolesome carbohydrate sweetener, rather than naming 
each one specifioally.    Simlai»ily, where mnimi^^^ 
weight on a dry basis are stipulated,  they gsnerally reflect the 
lowest amounts which have been found by good industrial practice to 
be consistent with am acceptable product« 
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SmŒIS OF MAJCE POOD-PROCESSING INDUSTRIES 

Baked Gooda 

Purpo^ of Sweeteners in Bread - In bread making^ sweet^iers are 
ui^d primarily to facilitate the leavening process throu^ reaction with 
the yeast» The carbon dioodde ^s produced by fermentation raises the 
dai^ and is largely instrumental in giving proper volume and texture to 
the loaf» Flavor^ color, and bloom of the loaf result partly from caraaeli- 
zation of the natural and added sweeteners when subjected to oven heat« 

William Jago, whose writings .on bread-making have been extensively 
used as tests in tiais industry^/, has observed thati 

••If we abstracted all of the sugar contained in dou^ 
(and also all substances capable of being converted into 
sugsar by the addition of yeast and water to flour) without 
touching the other constituents, the addition of yeast 
would not produce any gas# Ärerything would remain quiet 
until the moment nhen signs of a more or less advanced 
putrefactions showed toemselves» least, on being sown in 
the solution of sugar and water, sets up fermentation, 
but in the absence of sugar no feimentation can occur • 

^» • »If it (the ^gar supply in a mix) is too low, ^s 
supply at the final stages of the process of bread-making 
will be inadequate, and if too high, there wiU be 
excessive maltose and dextrin in the bread, resulting in 
loaves with hi|^ crust colour, bad texture and poor crumb 
colour, together with guamy streaks and cores in the loaves 
and, in very bad cases, collapsing of the structure of 
the loaf♦» 

A rather large part of the sugar used by most bakers in making 
bread is not retadmed in tte finished product but is lost in the leaven- 
ing process* It is estimated that from one to two parts of sugar to 100 
parts flour are required for the leavening process* Therefore, the 
residual sugar in the bread is rou^ly the amount by iihich a baker's use 
of sweetener exceeds iMs amount* It is generally agreed that a sweeten- 
er* s contribution to sweetness, per se, is not of primary importance in 
bread baking* However, sweetening agents do contribute to the over-all 
flavor and aroma of bread, either directly by contributing some sweetness 
or indirectly through their effect upon other constituents* ¿8/ 

kl/   Jago, William* An Introctoction to the Study of the Principles 
of Bread Making* (Revised and extended by Daniel, Albert E*) London* 
MacLaren and Sons, Ltd* 19it6* pp* 87,88,10U* 

hß/   Series of continued articles under various headings isolating to 
the Bread Winnw 6-8-6 Program, in Bakers Weekly* July 25-October 3, 19h9. 
Kirkland, John* The Modern Baker, Confectioner and Caterer* London* 
The Gresham Pub* Co*, Ltd* New and Rev* Ed* 1927* pp* 1;8-U9* 
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AB teehniciaas of the aaarican Bakîfig ^atii^^ pointed öofe AiMag 
the iirteríi«irf,breads câs be laade nithoat the t^use of any jsweeteaar, cr 
at least with amounts far beloir ususû. baking practices in this coontry, 
as Tiitnessed by the exöeHent breads of most European countries ÄLch 
utilize ^ünost no sweetener in eosiparison with ttiat used for the iaericaa 
product*    However, the natural sugar ccmtent of apst European flours is 
sufficient to assure adequate fersientation, ffliútíLng M of 
little or no added sareetener»    Sunilarly, at is necess 
su^U7 to Anierí.can ^ole grain bread thatt to wMte bread, bectóM erf the 
dearth of natural sugars in jffiDst types of flours used in the latter* 
AMost no sugar is required in making rye br^ad because of tbe^^ h^ 
natural sugar content of rye flour* 

Tlhole grain flours run about 2*6 percent by weight of total sugars - 
primarily sucrose with traces of dextrose - i&ile ^ite, or pa-tent floors 
contain only abcut half that amounts   In Ms discussion of baking pri^ 
ciples and practices, Mr* Bennion, one of the we31-kB€^ authori- 
ties on bread'^making i^g/, reports that sugapr ''^ t he foim of sucrose and 
ins^ert sugar (the Matter caristitutings^ 
pre sent in wo st flours to the extent of l-*l/2—^2 p&to&át, per 100-Ib • 
sack*»»   British research would indicate that this Constitutes ample sugar 
for the yeast to act upon in prodticing tíl of the pis neeessaï^ for t 
pr<:^)er aeration of bread, l^oth in the dou^ ató the finiäi^^ 
Research in the United States also indicates Idiat Horth Jteericaa floors 
contain anywhere from about 1 percent sjcrose and inrert sugar in patent 
flour to 1| percent in the etaln and lAio]^ -rtfeeat floOT, Ifaè invert su^r 
content amounting to about l/lOth of the sucrose present* jO/Benaioa 
points out that ¿Lours which contain excessive sugars teaETio reàice the 
wate3>-absorbing power of ihe dough ^uid fpösi^ a s^rfteniBig action on the 
¿Luten, whereas flours deficient in sugaar (generaûLl^ tte se ctetained &m 
white Tsheats), produce bread iMch is close îja 
and bake out to a dtill, greyi^ color unless substances lite the isalt pro- 
ducts^ additional sugar, or dtótrose are adcted tó the adx to b out 
desired baking qualities* 

It is necessary for the enzymes used iii bread bakijagto^^^ 
the natural or added suciHDse and malt<ise j^sifirfe in^ 
vecpt sugar or dextrose before fermentation csua become effective*    Of 
these enzymes, invertase, maltase, and zymase are the motfc important* 
Ihelr functions are as foüoirs: 

Iiañrertase -chaaiges the sucrose which i^^^ in the 
grain itself or as ânifctiedingr^dient,^^^!^ 

li^   Benn^       Edmund B*   Bread Making, Its Principles and P^ 
London*   Oxford Uhiv*   ñ^ess 1929*   pp» 5, 10^ 3j, 14* 

^/   Winton, A» L* and E, B*    The S-toucture and Ccmposition of Foods. 
N.Y.    John Wiley and Sons, Inc*    1932»   iTol.^ 1, p* 2^1* 
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not directly fermentable l>y yeast, into insert sugar 
lôiich is fermentable# 

Maltase —  comrerts malt sugar, or maltose, present in the mix 
into dextrose# 

Zymase -   A feii^aentlng enjsyme that changes the invert sugar 
and dextrose resid.tin g from the action of injertase 
and maltase into carbon dioxide gas, aloKiol and 
small amounts of other substances» 

While malt as such is not normally a constituent of flour, the 
latter always eontair:^ maltose sugar and enzymes identical or similar 
to those found in malt» Bakers reported that it is generally added to 
a dou^ mix in the form of malt flour or as a concentrated malt prodiïct 
(in sirup or dehydrated form) derived from barley and other grains and 
possessing either diastatic or non-diastatic properties» (Where it has 
been prepared at low teiaperatures, it contains active enzymes and is 
known as diastatic malt» If the enzyfaes have been largely killed off 
from processing at higher temperatures, the malt is referred to as being 
non-diastatic») It is used in breadnaiaking to liquefy seme of the starch 
contained in the flour and then convert this liquefied starch into 
maltose sugar and dextrins, in preparation for the feeding of yeast 
and its enzymes» Bakers and food technologists indicated that use of 
both the diastatic and non-diastatic malt sirups in amounts approxi- 
mating 1 percent of the weight of the dough mix, promotes a vigorous 
and healthy yeast action in iiie dough because the maltose sugar released 
throu^ their presence is fermentable, after conversion to dextrose, and 
because the soluble proteins and Batural mineral salts contained in ihem 
serve as yeast nutrients» 51/ These malt sirups, therefore, are said to 
help produce dou^s mth good oven spring, and loaves with an even, uniform 
grain and velvety textui^, -sdiose canist is rich in color from ready carameli- 
zation and which stay fresh for a long period of time» 

The Purpose of Sweetener s In Cakes - In making cakes, the sweetesEV- 
ing agents * functions are someiwhat ^milar to those employed in baking 
breads, in that sweeteners help to provide a leavening effect and control 
t^sture, color and cimst» However, in cakes their importance as dou^ 
conditioning or fermenting agents is secondary to their primary function 
of providing sweetness and flavor» They also have much to do with tlie 
many chemical and physical conditioners iiôiich combine to produce a desired 
quality of product» The amounts and types of sweeteners used have a 
direct bearing on texture, color, crust, and market value» 3cme of the 
sweeteners used in cakes, especially those in sirup form, also impart 
their own characteristic aroma and taste to the product» 

Standard Brands, Inc», Fleischmann Div» Fleischmann*s Part 
in BaHng Bread» N.T. 19U7- pp. 3^ 13> Hi^ 
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Amounts of Sweeteners Used la Breads and Gakea *> Before discussing 
the tiypes of sweetener used in bi^ad and eakes^ att^tiaa is directed 
toward the amounts usedj s^aetóat regardless of t3^#    The method OOTBIOû- 
3^ used to indicate amounts of sweetener used in baked ga)ds is to express 
such quantities in terms of the ratio of sweetener wei#t to flour weight* 
Using the flour weigiit as 100, thereforej^ the sweetener weight can then 
be e:^ressed in terms of j^rcentages^    In Table 13 are suBEiarized the 
average percentages of sweetener weigjit to flour wei#it for the more 
important t:^es of bread and cakes, as reported by -öie takers airreyed 
in conoection Mth tíiis sbudy# 

Bread - It will be noted from Table 13 that the amount of sweetener 
used in wiiite bread is somewhat higher tti^a in wtiole wheat and raisin 
bread and much more than is used for TJB bread»   As indicated abore, one 
of the principal factors responsible for use of a higher peroöitage of 
sugar in white breads is the relatively low natuiral s^ggu:' content of 
most of the flours from irtàch irtiite bread ÍBmaaBm 

îhe amount of sweetener used in breads was reported by bakers to 
have a direct bearing xspon the volume, sytna^try, crust color, cell^Lsr 
structure and texture of the loaf and upon the eating, toasting and 
keeping cpdùLities of the product #    Bread bikers who reports the current 
use of anywhere from 7-10 percent totai sweetener Jji white brea^ 
(17 percent of flms interviewed) iruttcated -äiat a higher sweetener 
content in b:read improved the texture, color and flav^or of ttie loaf 
itself, (especially when used in the form of teast) and reduced the 
time required for proper feiroentetion of ttiedou^^ 
sam baking technicians felt that the increased auaounts of sugar in 
bread making provide a greater measure of control for what is known as 
^fermentation tolerance,» OT the limits of time dicing lÉiich a dou^ 
Mxst be allowed to ferment to insure best results*    For instance, in 
a lean aigar formula, aie time of feimentation must be watched very 
carefully or the tolume of leavened dou^wiU be low, tJhie texture 
coarse, crust color unattractive, flavor and aroma mdesirable«    In 
such a situatiMt they termed the dou#i*critical,« meaning idiatit^^^te^^ 
â narrow margin of safety mthin ^ich prcçer^ fei^^ntalaon will d 
On the other hand, if the sweetener content is doubled, without any 
other change in the forpwla, -toey repcarbed that 1*^ fermentation of the 
dou^ may be stopped at either three hoiirs or four and a half hours with 
equally good results, because of a conM. der able extension in fermente- 
tion tolerance» 52/ 

Until the recent war, with the resultant rationing of ¡sugar and 
allocation of com to wet millers, bakers l^d been gradually increas- 
ing the sweetener percentage in most breads»   For exaaaple, at the 
begiiming of the current centuiy the total sweetener content for stand- 
ard irtd te bread mix was only 1 to 2 perctót»    By 19iit0, however, proportions 

$2/   Com Products Refining Co*    SugM^s in Bread BaldJig - N*!• ^ p^ 



- 99 - 

Table 13>-* Sweetener Content of Breadj Bolls^ and Cateest by typej 19^8 

Percentage of TTelght of Sweetener to Weight of Flour 

Average Range 
Low- Hi^ 

Bread 

2 10 
2 12 
1 7 
2 16 

Ihite 6 
TOîole Wheat $ 
Rye 2 
Raisin 5 

Rolls 8                                 2                         16 

Cake 

Batter 3/               115            9$                      lUU 
Sponge 2/                                    l6l           55         350 

1/   Includes Golden^ White, Pound, Layer, Fruit, Spice and Butterscotch 

2/  Includes Chccolate, Angelfood, Sponge, and Devilsfood 



« 100 > 

up to 8 percent were usual and 10 percent was not unccramon#    This trend 
toward hi^er percentages of sweetener, especlariy in white breads, appears 
tobe a result of a drive for softness and tenderness in bread texture, to 
make breads more cake-like in character»    During the war years, however, 
the percentage dropped drastically, with 2 and 3 percent being the rule# 

The sweetener content of many bread bakers ^forIffiil^   have been only 
partially restored to prewar levels.    In a recent series of articles 53/, 
one of the principal trade journals of this indas 
has been urging bakers to use larger amounts of sugar, milk and short^rx- 
ing, not only to feed the leaveniiig process, but to increase the flavor, 
palatability, and nutritive value of bread, ani to produce a softer or 
more tender texture»    The white bread formulas containing higier ratios 
of sweeteners were consistently scored higher on a basis of synanetry of 
loaf, bloom, volume, consistency of crust, color of crust and crumb, 
texture, grain, aroma, taste and eating quality»    These results were recent- 
ly summarized as follows: 

*»(1)    In all of its characteristics bread shows a marked impr^^ 
as the sugar or sweetener content is increased from Ij. percent to 8 
percent» 

(2) The quantity of residual sugar becmes greater, which is 
reflected most specifically in the color ^f the crust of the 
bread and to a lesser measure in the orumK structure» 

(3) AH of the SGoring properties enumerated in i±ie preceding 
sentence become greater in value as the quarrtd^ty of sweetener is 
increased, the bread having the hi^est sugar content receiving the 
greatest score valuer 

ik)      The contribution ^ich sweetenerá make to the toastir^ property 
of bread is very marked; the bread containing the qustótity having by 
far the best color» 

(5)      There is an appreciable ijiiprovement in the softness as weU 
the tenderness of the bx^ad as the quantity of sugar agents are 
increased» "5i|/ 

Cakes - Prior to 19it5^-19U6, when the first 
the market containing certain types of emulsif^ring agents desired to 

5¿/    See footnote i|8/ 

|¿/   See footnote ¿8/ 
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make possible the dispersion of a larger quantity of liquid when the 
sweetener content of a cake mix is increased, it was common for sweetend- 
er s to average around 100 to I30 percent of the wei^t of the flour 
content in a given recipe« But as a result of these receiA improvements in 
shortenings, as weU as improvonents which ttie millers developed in 
various types of flour that are suited to cake formulas carrying hi^ 
ratios of sugar, the sweetener content now usually averages fram I30 to 
160 percent of the weight of the flour» It was not uncommon to find 
cake-bakers using sweeteners in amounts up to three times the nèl^t 
of the flour. These increased sweetener ratios not only provide the 
consumer with a dessert product which cake bakers reported is sweeter in 
taste, but also one tu winch the attendant chemical and physical reactions 
have contributed to producing more tender and delicate texture« 

In a series of articles during the summer oí 19k9 in Bakers Weeidy $$/^ 
the results were given of an easperiment conducted for high-lifting the 

^$/   Glabau, Charles A« Proper Ingredients in Hi^ Qrade Cake 
Production, in Bakers Weekly, N#T» June 27 - Sept# 19, 19k9m 
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proper ingredLMits necessary to M^ grade cake production»   The 
amount of sugar used was one of the most iaportant variables»    Tests 
were run on cakes iiith sweetener contœits relatiTe to flour weights as 
followsi    yellow^ chocolate and potBid, 50 to I30 percent, as^ 
food^ up to 227 percent»    flie results of these tests iiuttcated that 
trtxenerer the qnantitj of sweetener was raised the csJces becaiae better 
in qtULLity^ as s^asured in teras of superior scores of the judges and 
taste pa neis j^   Scoring was on the basis of the f oUowLng character istiosj 
STumetry^ bloc«, color of crust, volia»^ consistency of crust, color ©f 
cruah, grain, torture, saroaa, flavor jutó eating quality«    Gen»a^ 
speaking, the battea? tsyp^ of calOB (such as pouiid, lay»^^^<^^ 
WOTe reported to cariyaore sweetener SJí relation to flow tten the 
sptoge type of cakes (such as angslfoodi cdÖH^ or diocblaté cakes), 
tecauTO of "tíie 3arger amounts of the laproved shortening which the 
foTWBT group custoffiarily conteins#   During i*e survey it was pointed 
out that the wholesale baker * s cakes ^nersaLly contain around twice as 
auch sweetener as ttoir h^idHaadeequivâîe^ 
retail bakers who approximte hoae baldng prcKîucts as closely as possible* 
Ckie of the principal reasons for this difference is that ttó wholesale 
baker^s product aast withstand longer periods of shelf life, and the 
increased aaounte of sweetener in wholesale products reportedly helped 
in keeping these cakes fresh over a laager ¡sriod of tiae# 

Sweeteners Used iñ the Baking Industry * BiJi^rs use a wide variety 
of sweeten^s«   In the sugar group, they utilize not only irtiite 0:^imlated, 
powdered and brown sugar but alse saali» êatcmnts of ^^^i^^^ and 
occasionally turbinados, in periods of eaergenisy«   dorn sweeteners useid 
by this industoy inclide dextrose, regular conversion and hi^ conversion 
cwn sirups, and corn sirup solids*   M<£ULSTOS, honey, con- 
densed ailk alse are aaed in aaall aaouÄfcs« 

l&ider wartime conditions imny bakers aade use of the glucose sirt;yp3 
derived from näieat, potatoes, sor^um, etc#, but have since discontinued 
their use#flearly 30 percent of all ftrms contacted utiJ^^ These 
glucose sirups were used in amounts ran^g fro« 15 to 100 percent of 
total sweeteni^, «lisia^utilized as sieStènér and not as flavoring agente» 
The laôst popular proportions were 50 to 100 percenb of total^s^^ 
content»   B^rs conplained that these glucose sirups lacked uniform 
of quality and prodtaced heavy and soggy bread which had an inferior, 
tou¿i texture»    Bie color of crust and cnitó) apparently wex^ not too 
seriously affected, so long M such sirups were used with aoderation» 
Bakers* experiences during wartiae with mibstitute sweeteners in bread 
Ijndicate that quite a variety of sweeteners can be used judiciously 
without serious consequence»    There is also considerable flexibility 
as record the totel quantity of sweetener which may be u^d» 

Sweeteners Used in Bread - Approximately Iji^ percent of the bread 
bakers reported using sugar onlyi    22 percent used com sweetenor onlyj 
and 3I1 peraent i^sed a combination of sugar and a com sweetener»   ïhus. 
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sugar /was used by 78 percent of these bakers irtiile $6 percent utilized 
a corn sweetener* (Table 1U)# With the exception of one firm irtach 
repcrted using corn sirup, the corn sweetener was dextrose» Dry sugar 
was by far the i»ost predominant type used, as only 3 percent of the bakers 
reported using liquid sugar in bread» Molasses and honey were the next 
most popular sweeteners used in breads» About a fourth of the bread bakers 
reported using some honey and almost UO percent said they used SKsme 
molasses» The Igrpe 0f sweetener varied somewhat with the kind of bread 
being made« For exaiople, the use of sugar or dextrose was most common in 
making white bread and rolls (Table 15)» In making lèiole wheat and rye 
breads, there was more of a tendency than in making other types of bretó, 
to use a combination consisting of seme molasses» 

Sugar Versus Dextrose - In bread baking the principal competition 
among sweeteners is that Í>etween dextrose and sugar» Of the bread bakers 
interviewed, more than half reported using saae dextrose in I9I48 and 
almost thre#--foTârths indicated that they used a proportion of it during 
the war» Approxmately foiü>»fifths of thœe firms idiich used dextrose 
in hread used it aa  a complete replacement for sugarj the remainder either 
used equal parts of sugar and dextrose or about one part dextrose to three 
of su^r» 

The consensus of many bread bakers and those research laboratories 
contacted was that sugar and dextrose react equally well in the fermenta- 
tion process, and ttot the consuming publié probably could not distinguish 
between bread baked with dextrose from that baked with sugar» Many bakers 
indicated a belief that somewhat faster fermentation is effected with 
dextrose than with sugar» In breads, a considerable proportion of the 
sweetener us©d is for tne purpose of feeding the yeasts, so that the 
resulting gas may leaven the dough* &:«âd bakers were somewhat divided 
in their opinions with respect to 1*1 ich of these two sweeteners gives 
a more desirable crust color to the loaf» Many said there was so little 
difference in the resulting crust color that this had no practical effect 
en consumer acceptance» Of those expressing an opinion that there was a 
noticeable difference, those believing that dextrose ^ve a better color 
outnumbered sugar< s exponents« Ifany of these who considered that dextrose 
iBc>arted a better color to both crumb and crust attributed this to the 
higher degree of caramélisation from use of dextrose« On the other hand, 
those who thought that sugar gave better color considered this to be due 
to the Iwrept su^r, particularly the lévulose, remaining in the dou^ at 
the end of the femtôntation period» 

The principal reason influencing many bread bakers to use dextrose, 
however, was not that a more desirable product resulted, but that êxx 
equally desirable one could be produced at less cost owing to the price 
differential between sugar and dextrose» Those who used sugar, however, 
claimed Idaat meare dextrose hydrate than sugar was required t© give 
equivalent all-rcRxnd resiiLts» 

954185 0—51- 8 
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Table ill.- Percentage of Bread Bakers 2/ Using Various Sweeteners, 
by Areas, Jk FirmSj I9U8 

Sireetener ^^ 

HBW Middle Nbrth 
EnglaM Atlantic Central ^outh lest u,s, 
(percent) ^^rcent) (percent) (percent) (percent) (percent) 

Sugar 3/     ^0 83      80 8^ 83 78 

Dry sugar 2/ 50 83      76 85 83 77 
Liquid      25 -        U - - 3 

COTO Sireetener ÍQ $6               56 $2 67 56 
Dextrose    50 58      52 52 67 S$ 
Corn Sirup  - —       k — — 1 

Molasses    100 67      36 11 67 38 
Honey       50 8      U8 8 33 26 
Malt        25 25      32 11 - 20 

2/ Exclusive of Powdwed Sugar 

2/   Includes both Ihite and Brown Su^r 

J/ Includes Ihite, Ihole-wheat, Eye, and BdLsin Breacfe and Rolls 
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Table lÄ -* Use of Sweetener s ^ by Type qî Breadj % Baking FlraSj ipUS 

Sweetener Percentage of Firms UaLng Various Sweeteners by Type of Bread 

Tlhite Ihole Iheat 
(percent; 

Rye 
(percent) 

Baisin 
(percent) 

Rolls 
(percent) (percent) 

Sugar 70 72 ^2 69 Í2 

Dry Silgar ¿/ 
Liquid Sugar 

70 70 
2 

^0 
2 

69 ^2 

Corn Sweetener 5U UO 38 U6 52 

Dextrose 
Corn Sirup 

$k 1*0 38 
2 

k6 52 

^ Includes both Tlhite and Brown Sugars i 
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Corn Sirups > flrtuaîLly BO reeaat use 0f eorn aiarapa In bread 
aaklii^ was inàieated*   Hcmever, o^us^e dtaering ^e war of ©ither regular 
or M^conrersion sirups was reported by adre than^ ^^^ 
bakers coutacted»   Oorn sirup sólito also wez^ used oocasdoisalJty by a 
few plants»    ïhose who used the com sirugps in bread dartjag the years 
of sugar shortage indicated ttiat up to 50 percent of total sweetenM" 
could be corn siriq)^ with reasonably satisfactory resists insofar as 
texture of the loaf and color of crust were concerned»   Hhen higgler 
pOTcentages of corn sirup w^e \xsed,»st bakers felt that they had a 
tendency to Mtk© b^îâds too soggy» 

HoMEranà Molasses ■» Hoiaey and molasses were popular sireetening 
a^nts in about a third of the plants»   Hieseswes'teiÄPSEü^ 
aarüy to impart a particular flavor^ to give a special color to crust 
or ^r^ab^ 22/ ^^ for the purpose of retsdningdesii^d moisture in darber 
bï^adte^ particulsa-ly whole wheat or i^e»   In ttese tjpes of bread 'the 
total spnsetener amounts to caaly l»!^ percent of the wei^t of fLoar used, 
and bakers reported that honey or molasses could be used in amounts up 
to 100 percent of total sweetener without rumiiag into adverse flavor 
and texture problems» 

Sweeteners ïïsed^in Cakes - all cake bakers interviewed reported us- 
ing su^r^ and only 28 TOrcent said they made uw of cora sveetimers» 
Apprôxinately a fifth of them ui^d sone invert iugar, but only 2 percent 
reported using liquid sugar»   Dexfepose and cora Ärup were of œarly equal 
popularity with cake bakers, IS percent usüig the f ontór and 18 percent 
the latter»   Only two cut of 6l cake bakers reported using both dextrose 
and corn sirup»    The choice between regular aM high conyersicm corn 
sK^etener was aboat equal, with 8 percent using liae regular and 10 perTOnt 
using tiie hi^ conversion type»    Hbi^ were using both types»    Only two of 
the cake-bakiag finas Imd ever used corn sirup solids, both instance« 
©ocurrii^ during the period <tf wartlMi rationing» 

TUB corn sweeteners, wherever u^d in cakes, were generally foon^ 
to be œploysd as dougji conditioiiers, i^imarily to librease ^^t^   moisture-» 
retaining property of the cake, rather than to replace sugar as such» 
However, the amoiarts of dcEXbrose (aiid occasionally high conversion own 
sirup) utilized in some instances appealed to be sufflciMit to coastitote 
c^ç^etition with sugar»    More than one-third of the cake bakers reported 
that they were m^ore incllDÄd to utiHàe üxe less expensive corn sweeteners 
as dough conditioning agents, in place ctf liquid sugar or invert sugar, 
when "ale price differential between su^r and corn sweetener widened» 

Sugar -» Bakers reported an ovemhelmlng preference for sugar as the 
primary sveetener in cake baking»   imo2^ the reasons mentioned most 

^6/ ••Crumb" is the term urod by bakers that refers to the *»in3ide* of 
baked goods, particularly bread and cakes, as differentiated from 
the oufcside layer or *crust#* 
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frequently nas the greater sweetening power of sugar in comparison with 
other sweeteners, along with its contribution to desii^d color, texture, 
taste, and tenderness of the product« Taste was often considered in 
con junction with sweetness, as many bakers indicated a belief that the 
public has become accustomed to a product wj„th a high degree of sweetness» 
Further more, the psychological association of sugar with a luxui^r product 
such as cake is of long standing, mid a 3arge number of bakers stated that 
they were strongly influenced by the apparent fact that all-sugar cakes 
are closely associated with high-quality cakes in the minds of the buy- 
ing public« 

Next to sugar in fine granulated form, imrert sugar is more popular 
than any of the other sucrose sweeteners in making cakes♦ Many bakers, 
especially those using all«sugar formulas, reported using invert sugar 
in small percentages of total sweetener-rarely over 2 percent - for in- 
creasing moisture retention, ^tending shelf life, and for keeping icin^ 
solf over longer periods of time» When used for its hygroscopie and 
crystaHizatior^oontpoUing. properties, invert sugar also has the 
property of imparting a relatively high degree of sweetness to cakes 
or icings, irtiere this is desired# 

The relatively low percentage of liquid sugar use where this pro- 
duct was avaii^ble was generally attributed to the expense of instanc- 
ing equipment necessary to handle sugar in this form# Quite a few bakers 
objected to the^^^cess moisture in liquid sugar which in the usual 
formulas at least, has to be evaporated in the cake baking procèss« Small 
amotmts of liquid sugar, however, rather than invert sugar cxt  corn sirups, 
were occasionally used for improving the moisture retention property of 
cakes# 

Dextrose « Dextrose was reported to be substitutable for up to 2^ 
percent of ttie sugar in a cake recipe with good results, especially in 
chocolate cake• Saproved color and economy in material cost were given 
as the principal advantages for its use» Most bakers using dtextrose 
reported that its use was restricted largely to chocolate cakes» However, 
many of th^a were found to have eaqserimented sufficiently to be willing 
to use dextrose in a wider variety of cakes if it became necessary to do 
so to reduce costs, or if sugar were unavailable» When substituted for 
more than one-fourth of tiie total sugar content of a cake mix, dextrose 
was reported to lessen the sweetness perceptibly« In addition, these 
larger pa^centages were said to iiapair the texture and sometimes jmpart 
Mt off-flavor» The use of dextrose in cake-baking was most coHEBon in 
the Southern States, where nearly one-third of the plants surveyed used 
it» Usage was least common in the West, irtiere no cake bakers were found 
to be in favor of it» 

Corn Sirup - A3most two-fifths of all the cake makers reported the 
current use of corn sirups» They i^ed com simip in quantities ranging 
from 5 to 35 percent of total sweetener» Of the corn sirups, the high- 
conversion type was found to be considerably more popular than the regular 
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conversion sirups^ primarily because of the greater swaetoess and property 
of producing lifter and more tender textures, because of their lower 
dextrin content» Corn sirups were used as dough conditioners in much the 
same way as invert sugar, except that larger amounts were used» Bakers 
reported using it as 10 to 35 percent of total sweetens in cakes*. In 
these amounts it was said to increase moisture retontic^ Mid exteiid 
life» It also was used in icings to keep^ them soft^ fhe cut-doim in 
sweetness, without the sacrifice of body, whidi oc«.ld be obtained from 
use of corn sirup was reported to te an advantage sometimes. Ho^^ 
the savings realized because of the pïice differentials between sugar and 
corn sirup were reported to be the dcsainant reason for using the JUitter» 

The heaviest geographic concentration of cake bakers who reported 
the use of corn sirup was in Worth Centrar States (See Table 16)♦ The 
widespread us© of corn sirups in the Middle West and the dearth of it in 
the Seaboard areas may be attributed apparently to the pricing metted used 
for this sweetener» Corn sirup is cheaper relative to sugar in the areas 
adjacent to point of production (Norldi^en 

The nianber of caJce bakers reporting the use of corn sirup durir^ 
World War II (MO perçoit) increased greatly^o^^^ 
utilized it in peacetime» (See Table 17>Mkeirise, the amounts of corn 
sirup in prcçîortion to flour weights were found to be materially increas- 
ed» As in the case of breads, the wartime replacement of sugar with corn 
sirup brought the proportions of the latter in many formulas to about 
double their normal relationships» For instance, the low-conversion 
sirups were reportedly utilized by many cake bakers during the war for 
about one-third of the sweeteners and a few reported their use to be »s 
high as 65 percent of total sweetener» The high-cbnyersion sirups, when 
available, were substituted for sugar to an even greater extent, being 
used by some cake bakers in amoimts up to 90 percent of total sweetener» 
However, mst firms reported wartime usage of t^^     of sweetener as 
only about half of total sweetener requlrements» The use of sugar and 
invert sugar in cakes was decreased correspon^âingly» 

OSie experience which many bakers had with corn sirups during the 
wartime podod has contributed to the continued use of these sirups, but 
in much smaller amaints, uncerniarmal conditions» HTone of the firms 
reported the use of corn sirup solids in cake bafcmg, although there were 
no objections to its characteristics as a^swëeter^r»îtoe objection was to 
the câfficulty in handling this sweetener in asall lots, because of its 
hygroscopic nature» 
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Table 16* - PercentÄge of Cake Balcers Using Varióos Sweeteners, 
by ireasj 61 Firmsj 19kB^  

Sweetener Area 

Hmr Middle North 
Ea^nd Atlantic Cenlaral South West ÏÏ.S. 

Sugar 100 100 100 100 100 100 

Brylä/ 100 100 lOO 100 100 100 
Liquid 17 - - - - 2 
Invert 17 - 27 25 33 21 

Corn Sweetener 33 ^7 32 31 17 28 
Dextrose 17 18 5 31 - 15 
Corn sirups 17 16 32 - 17 18 

Regular « - 23 « - 10 
Hi^ con- 17 18 9 — 17 8 
version 

2/Includes both White and Broim SU^ü:*S« 



Table 17. - Comparative Importance of Regular and High Conversion Corn 
Siimps in 96 Plants of the Baking Industry, Under larttme 
and Postwar Conditions» 

Breads 

Plants using com siarup 

Corn sirup as percentage of 
total sweetener 

Rangje 

Most coBmon percentage 

Cakes 

Plants using com sirup 

Corn sinip as percentage of 
total sweetener 

Ran^ :' . 

Most coBmon percentage 

Wartime ComlLtions        Postwar Conditions 
Regular   High Conversion  Regular  äigh Conversion 

5IÎÈ 

5-100^ 

100^ 

m 
10-BÍ% 

^$% 

18j6» 

5O-IOO5Í 

lOOJÈ 

ISlJÍ* 

20-90% 

m 

y 

m 

5-25$ 

1% 

10^ 

10-35^ 

25SS 

y   Only 1 firm reported using corn sirtp»   Thiig fina used regular corn sirup as lOOJf sroatener« 

* Bakers indicated tbat t^ comparative use of hi^ conversion sirups nnder wartime condition* 
would nbnaally have been higher than those shoim, had they been as readily available as were 
the regular com sirups» 
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THE SOFT DRIHK IMXISTRÏ 

Tbft IHairpose of SweeteoBrs In Carbonated Beverages 

The two prlaary ftiœtions of a sveetener in a carbonated beverage 
are to proTlfle eiree^toees and desired deimlty«    k carbonated beverage 
usually contaÍ3Q8 a sugar sirup, acid, flavoring, and coloring.    The 
sweetsMr content constitutes pwctically all of the soluble solids in 
a beverage«   Thus, the sweetener, an laportant factor in the resulting 
taste of a soft drink, also provides body f<Mr the finished product. 

In bottlii« a soft drink, a MWistired amount of the sirup (the «throw»») 
is put into the bottle and purified carbonated water is added to produce 
tlie finished drink, the Miount of the «throw« fOT aay specified drink aud 
tlie same sise bottle varying inversely with the Baume or deMity of the 
sirup.   The method used by a soft drink »nufactorer in preparing the 
flavored sirup fipom which the final beverage is made has a material influ- 
ence upon the type of sweetener used.    In general, he may follow either ú£ 
tto followii« two methods I 

1. A «simple sirup« j7/ composed of sweetener and water, is first 
prapared, the proportions of the sweeterar to water contii^ent on the 
density cr Baume of sirup desired.   To this simple sirup is subsequently 
added tto r^sessary acid, flavoring anâ coloring for the particular kind 
of soft dril* to be bottled.    The resulting product is known as tto 
«flavored sirup.« 

2. As an alternative, the bottler may prefer to prepare a flavored 
sirup directly, thus eUmlnating the first stage of preparing a simple 
sirup.   Direct preparation of flavored sirups is limited, in general, to 
sa»ll-scale operations where storage of a large quantity of simple or 
flavored sirup is not feasible. 

There are two customary ways of preparing a simple sirups    the «cold 
process« anâ the «hot process.«   The former procedure involves the prepara- 
tion of sirup from sweetener and water at or near room temiera ture, where- 
as higher temperatures are used in the latter process.    If the bottler 
«mes the cold process method erf preparing sirups, he must be extremely 
careful about the quality of any sweeteMr which he uses in his soft drinks, 
as no means of pasteurization is offered by this process per se.    An acid 
may be added to Improve keepii« quality and give partial inversion of the 
sucrose in the sirup or other steps may be used to irdiibit the growth of 
organisms.    On the other hand, pasteurisation of the simple sirup may be 
obtained hj heat with the hot process, either with or without the use of 
an acid, and this gives the bottler a soaiewhat wider latitude in his choice 
of sweeteners.   As indicated above (p. f^ ) the relative solubility of 
sugar and dextrc»e varies with the temperature.   Itextrose is less soluble 

52/   The term «simple sirup« is, at tiws, used by the carbonated beverage 
Inâustry to denote a sirup of the desired stock sirup density made up with 
sweetener and water only or with an acid added to the mixture.   For purposes 
of clarity, the term «acidified simple sirup« may be applied to such a mixture. 
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when the cold process is ased, althoi^h this siieeteaer is scanewhat sers 
sölttbJfi ttoB sogar at high temperatures.   Accordingly, a Banofactorer's 
choice of sveetener or combinatioB œE »Beeteaers iwky depend, in part, uf«» 
ti» FS>oc«8a l» usée ia preparing the sjjiqple slrap and the density t^ stock 
sirup he desires to keep on haoâ at ordinary room teiqperattire, 

Yotal Syeetensr Coatent i^ Carboaated Batei^tgeg 

Soft driate MBafactiM'era refsartad -tt» use c^ i»t»TOa 6,0 and 16,7 per- 
cent sweetener, by weight, ia their products dnrirg 1940, depeadiiç prl- 
aarlly upon the kind of beTOrage aaaDefactered,   Gii^erales, colas, root 
lM«rs, and like bewrages geaewlly reqalr» less Mgar tton the fruit drinks. 
The sweetener content is fouad t© range fi-o» a relat±v»]y lew sweeteaer per- 
eentage in "dry» producta to a higher percentage In "sweet* products.    The 
diTidlng line of sweetener percentage between "dry" and "sweet" beverages 
is indefinite and Taries Igr type of drink and by nanitfaeturer. 

The total snetenar range for the laiïiYldual soft drink (as shown in 
table IS)  is not indicative of the average sweetener content in an Indus- 
try where a change of one percent in the sweetener content can greatly 
affect the taste or flaror of an individual product.   However, the table 
does show tl» reiativeDy great variation of sweetener percentages within 
the soft drlak groups and the upper and lower limits of «reetener content 
for each type of beverage.    The extreaes of sweetener usage are related in 
many instances to the type of sweetener or sweeteners contained in the 
soft drinks. 

The variation in sweeteiwr content of the different types of soft 
drink is apparent if average sweetener percentages are compared.   Ginger- 
ales have a comparatively low sugar content, with an averaga of 8.6 percentj 
colas, cream soda, root beer, lemon, and lime drinks average II.O - 11.5 per- 
cent, while the other flniit drinks average 32,0 - 13.0 percent.   By weight- 
ing the averages for individual beverages with the ratio of bottle sales of 
various flavors of soft drinks ¿8/, it is estimated that the average 
sweetener content for all drinks sold in the United States is 11.3 percent. 

footnote ¿§/ - see following page 
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¿8/   Deteminatlon of national amraga of soft-drick awaetecer content 
«aa arrlwd at Ijy weighting indiTidual aoft-drink averages with the 
ratio of bottle sales of varloDS flaToirs of soft drinks, 1948« aa 
follows: 

(i) 
Soft teiidc 

(B) 
ATwmge ai^etexier 

Content^ 
(pnt^est) 

(C) 
Ratio of 

Bottle Sates 
(percent) 

(B) X (C) 

Carbozaated natrn*^ 

Colas and similar drijsks 
ÍMmoíXf UiM ana Isnisi^ 

lime exMhismtWnB  •«««• 
Cir^raa Soite •*«««••.•»«•«• 
Koot DeeiT • e « « « « « 4 • • « « « • « 
CheïTjf »«••«• 

uira^pe ie » « 9 « « • 
Orange •••••« 
All others  •« 

• * « a « 

» • • • • 
« « « • ia 

mm* '9 m 

• • • « • 

• «a « • 

• • • • • 

<a ne • -• 1« 

a e • e • 

0 1.3 --- 

8*6 2.4 20,64 
ll.Q 61.6 677.60 

11.5 6.7 77.05 
11.5 1.5 17.25 
11.5 3.6 41.40 
12.0 0.8 9.60 
12,6 2.0 25.20 
13.« 4.1 53.30 
13.0 8.9 115.70 
12»9 7,1 91t59 

i, OXa X    • • « « e e • a « a a ^» m • • * • 100.0 1,129.33 

national «wimge •  ÍB x C ) »    11^.29 
(100) 100 

■ 11,29 percent 

Coluan (B) obtained ftroo» Marketing Research StirTOy, Sugar Branch, FMA. 
Colnan (C) obtained froai American Bottlers of Carbonated Beverages, 

Bottled Soft larlnk Salea. Flavor Ratios« Revteed 1949. 
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Table 18»«>S«lacteâ types of soft cbriste» motber of conpaoies repartlog 
sneetezief coatent <^ «tcb type^anft total swee-tener zv^ge 

for each type 

Soft dri^ Cci^ieBies repertiztg   s    Total 8«eetei»r range 

(type) (EKutber) (pereeot) 

Gixgerale  

Lamcrn, lime« and lemon- 
llae coBbizetionB ••.• 

Creaa soda •••.*..«•.•.. 

Root beer ••.•..••.•.... 

Grape driidos  

Orange drloks  .......... 

Cola drizdcs ............ 

Strawberry dr inks ...... 

Cherry drinks .......... 

ill types  

36 

29 

28 

37 

36 

51 

31 

16 

13 

6.0 - 12.0 

6.0 

6.0 

7.0 

7.0 

7.0 

7.5 

10.0 

10.0 

15.0 

15.5 

15.5 

16.7 

16.7 

15.0 

15.0 

15.5 

Ö9 6.0 - 16.7 
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The Pse of Sugar la Carboaated Beverages 

The lluaber of Soft telrik Manofacttorers using Sttgar:    Sctft árixiks, other 
than carboœted «tter, clab sodasi and like beverages are rarely manu- 
factured without use of s cane form of caim CPC beet sugar.    Of 91 oanufac- 
turers interviewed, 73 percent stated that they used 100 forcent cane or 
beet sugar in all beverages which they produced; 12 percent stated that 
they used 100 percent sugar In most products and a ccanbinatlon of dextrose 
and sugar in a particular product or products.    The remaining 15 percent 
used a coffibüsation of dextrOTe with sugar in all products which th^ maim- 
factuï^.   The majority of bottlers in the first group were mani;rfacturiiç 
nationally- or reglonally-known sirups, concentrates, or soft ¿brinks, 
while about one-sixth of this group represented small indej^ndent bottlers 
producing only their cwn beverages.    The majority of the second group con- 
sisted of smaller type establishments which, as a rule, produced their 
own drinks but often tod the franchise for a nationally-known drlrà:.    The 
last-mentioned ^oup of bottlers consisted primarily of large franchise 
houses and manufacturers of franchised drlzd^si only one manufacturer In 
this group bottled solely his oirn beverages. 

The fi®i3ufactnrers who reported the use of IXX) percent sugar in all 
products at the time of this survey Indicated that they had used other 
tyi^s of sweeteners during the war only, when sugar was rationed, and some 
of this group stated that they tod cut production during the war wtttor 
tton use a sweetener ottor tton sugar,   ^cept for one manufacturer who 
reported using corn sirup in di^ft root beer, the companies included in 
tto last two groups above reported usii^ no sweetexssrs at the time of 
this survey other tton siagar and dextrOTe. 

The greater majority of the bottlers Interviewed used granulated 
sugar.   However, almost 20 percent of them had installed liquid sugar 
facilities in their plants.    This comieres with 1%9 liquid sugar deliveries 
equal to 17 percent of total direct sales of sugar to beverage manu- 
facturers.   ^9/   More tton 15 percent of the bottlers were either too 
small for liquid sugar installation, or the initial cost of installation 
overstodowed the possible savijags and convenience of operation.    Several 
were averse to using liquid sugar because of the greater danger of mold 
growth and fermentation as a result of its use.   Bottlers using liquid 
sugar usually install ultra-violet lights in the tanks or tise ottor 
measures to reduce the possibility of such deterioration. 

Reasons for Use of 100 Percent Sugar in Soft Brinks s    Of the group which 
prefers 100 percent si;«ar in most or all soft drinks, 39 percent mentioMd 
the relatively greater sweetening power of sugar as tto reason or one of 
the most important reasons for such preference.   A large namtor of those 
mentioning sweetness prefer, or to lleve ttot their customers prefer, a 
relatively sweet finlshtó product.   A few stated ttot, by tto use of st«ar 
alone, sweetness was more consistent and easier to control.    apfrcxliBately 
40 percent of tto all-sugar users referred to flavor or taste as an 

¿2/    Sugar Reports No« 7, Sugar Branch, PMA, USDà. 
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ÍAporta&t factor la ttolr cholee of sweeteners«    The laSividuals within 
this group indicated a belief that 100 percent sugar in a product was 
conduciTe to better lÄste, better flavor, or better flavor retention. 
It was believed b^" sOBie that only sugar can properly cari^ the flavor 
of a soft drinks   These bottlers stated that since sugar has no flavor 
of its own, it cannot affect the individual flavca:* of any soft drink. 
Those who prefer IGO percent sugar in a beverage generally felt ttot 
encÄ^gh body or density wis given the drink without excessive sweetMse. 
One small grccip of bottlers specified that 100 percent sugar provided 
the optiamn density, lÄrticulBrly for fruit drinks which contain fresh 
ftuit juices rather than ftuit flavorings.    In this case, the use of 
any other sweetener would increase the body too mich if sweetness were 
to be aaintained. 

The non-sweetenii^ portions of the fonmxlas of a number of manufac- 
turers were said to be geared to use of 100 percent sugar, and con- 
sumer acceptaTOe for their product had been develi^d over a period 
rf time.    These bottlers stated that, although a chaiige of sweetener 
might not produce an inferior soft drink, it might chaise the estab- 
lished taste of the beverage and could affect consumer acceptance of 
the soft drink. 

ámoz« thc»e manufacturers who i^e 100 percent su^r in soft drinks, 
oTO-haIf mentioned «quality« of sugar or the fear of fermentation, 
bac ter iolpglcal spoilage, or reduced shelf life a s c ons idera tions in 
their choice of sweeterasr.   although scmetlmes associated with taste 
or flavor, quality for the most i^rt was applied to the ability of a 
sweetener to withstand spoilage or fermentation in a sirup or finá^htó 
beverage. 

about 12 percent of «le bottlers indicated that they used sugar 
aloM because the differential between sugar ai^ dextrose was not 
enough to outweigh the technical difficulties involved in handllx^ 
two swee-toners.   Seme of this group stated that there was no price 
adTOntage in purchasing dextrose, as the greater pouöäage necessaiy 
to maintoin sweetness eliminated the savings in price.   A relatively 
«Mil grcsip of all-stagar users indicated that they would use dextrose 
if the savings in costs were such that the handling of imo sweeteners 
would be warranted.    A few reported that they used 100 percent sugar 
solely because dextrMe hydrate was temporarily unavailable in their 
territcary. 

Mwe than 19 percent of tto all-sugar group indicated that, where 
dissolving difficulties had been encountered when usiî« dextrose with 
the cold process, this difficulty TOS ellmlMted by a return to 100 
percent st^ar usage« 

Size of plant operation was indicated as an influencing factor in 
the choice of sweeteners 1^ 21 percent of the all-sugar group who 
prefer to use sugar alone fat one or more of the follcwing reasons i 
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(1) Barreled sirup is difficult to tendisi 

(2) Increased labor is necessary to tosdle two sweeteners j Bra 

(3) The use of two sweeteners prcmotes the possibility of f<^mulâ errors 
in mixing. 

The choice of sweetener or sweeter^r combination by a particular 
bottler may depend,  in part, on whether the conpany is an independent 
organization,  is subject to ï^rent compaî^ control, or producer a fran- 
chise drixik.    Officials of a number of parent companies, franchise houses, 
and plants producing the soft drinks of such companies stated that the 
choice of sweetener or sweetener combination in beverages was left to the 
discretion of the individual bottler»    On the other hand, a much larger 
number of companies in the 100 percent sugar group included companies in 
whose beverages 100 percent sugar was required or recommended by a i^rent 
company or a franchise house•    à few of the all-sugar group purctesed a 
finished sirup frcm a eompai^ which preferred 100 percent sugar in its 
soft drinks, while others were manufacturing a franchise drink in which 
100 percent sugar was required by the franchise house*    These latter 
firms were using 100 percent sugar in their own beverages for convenience 
of handlir:g a single sweetener where their own soft drink production was 
relativeij sn^ll. 

Use of Dextrose in Carbonated Beverages 

Extent of Dextrose Usage in Soft Drinkss    Approximately 27 percent of 
the total manufacturers  interviewed reported the use of dextrose in 
combir^tion with sxi^ar*    Nearly 45 percent of these manufacturers used 
dextrose in a full line of beverages} the majority used dextrose in 
one or more particular types of beverages* 

Fruit drinks 60A particularly grape-flavored, and root beer, were 
the relatively more important soft drinks in which dextrose was used by 
those firms which employed it as a sweetener.    However, users of dex- 
trose in fruit drinks represented a smaller proportion of total fruit 
drijok bottlers than did users of dextarose in root beer and colas of 
total root beer and cola bottlers•    Thus, from the standpoint of the 
total niimber of manufacturers interviewed, dextrose use in root beer 
and colas was relatively more important than in fruit-flavored and 
other leverages «    Hearly a third of the root beer manufacturers used 
dextrose in canbination with sugarj nearly a fourth of the cola manu- 
facturers used dextrose in ccmbination with sugar; while about a fifth 
of the bottlers producing fruit drinks and lemon-lime combimtions and 
18 percent of the gingérale bottlers used dextrose in those beverages• 

60/   Fruit flavors other than lemon or lime. 
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SiMwr-Dftrtroee Batlofl la Sof^ ^^'^^f *   Most namifaetiirara interTieved 
stated tiiat| vhere dextPMe is usad^ it ahoald bs aaplograd in eombim- 
tloa with Bxtf^r.   The parcantaga of desrtroaa to weight of total sweetener 

^mad rai^d Aroft 5 to 45 perçant.    The greatest ntaaber of bottlers usisg 
dextrose preferred to liait it to froi 12 to 25 percent of total sweeten- 
er*    Only one ■asofactorer TOriad his sngar-dextrose ratio by fISTOT of 
drink; the reaainder of the dextrose users inai^talmd a constant ratio 
in all types of soft drioks containing daxtr<»ie.   Tl» upi^r liait of 
ccaipetition between the two sweetansrs may be astiuited at 50 percent 
replacement of sn^r with dextrose/ since that was the highest percent- 
age of dextrose which soft-drink aantfacturersfoiiidduri^ war 
eaergeatsy period could be used ató still produce a marketable product, 61/ 

The types of dextrMe used w«e said to have scme effect on the 
sugar-d«ctrose ratio in a soft drink.   Where dextrose use was reported, 
the anhydroiis type dextrose was geiMrally preferred, because poand-for- 
pcnnd substitution can be made with thla type without lowertog the 
density of the sirup.   When dextrose hydrate suppiaaents sugar in a soft- 
drink formula, and when the sirup Bauro is to be Mintaiiaad, there must, 
of coarse, be an adjustment for the moisture content of the dextrc^e. 
HoreoTer, if aweetiMaa is to be aÄintained, the relatlTely lower sweeten- 
Í3% poirer of dextrc^e compared with sugar must be allowed for when either 
type of dextrine replaces part of the sugar content. 

Advantagea of Dextroaei    All but one of the soft-drink manufactia^ers who 
reported usiqg dextrose in all their beTSMges ató alaMt tolf of those 
usii« dextrose in some of their products reputed that one of the prin- 
cipal advantages accruing flrom ita née was lÄlntenance of body wlláiout 
eiKessive sweetness.    toe-fifth of the bottlers us ing ICO percent sugar 
in all products stated that where additional body was desired without 
excessive sweetness in a soft drink, it was adTantageous to use dextrose 
in combination with sugar. 

Almost one-half of the dextrc^e users were in faTor of it as a 
sweetener because it was thought to carry, or bring out, the flavor in 
a beverage.   D«trMe repertedly carries the flavor of fruit drinks well, 
particularly gwipe-flavcared beverages.    One-fifth of the 100 percent sugar 
uaera stated that dextrose use resulted in as gotó a flavor or even a 
better flavor than that obtained with 100 percent sugar, but they pre- 
ferred all-su^r for other TMíSODS. 

Some bottlers reported that price plays a large part in the ir choice 
of sweetener or sweetener combination.    Of the total dextrose users, 20 
percent combined this sweetener with si^ar for savings in cost alone 
while 40 percent considered price among other factors influencing their 

6ä/   Although some bottlers used more than 50 percent dextrwe in a 
particular kitó of soft drink duri^ tte war, this was an emergency measiare 
OT an experiment ató was disc ont inaed almost Immediately after the war. 
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preference for dexl^oee«   Of the latter 40 pereezrt«, almoet oM-thlrd re» 
ported U8Í£g dextrose for reaeofis other than price^ yet Ixdieated that 
priée ccuM be an laflaencliaf factor, tlmt is^ If derbrrae pricea ISH 
creased significantly or if the differential between dextrose and sttgar 
decreased suf fie lent ly^ they night prefer to handle sugar only«   These 
bottlers, tisierefore, were usii% d^rbrose because, aaong' other thisgs, 
the cost of dextrose «as los enough to coapensate for the additio&aX 
inconvenience of handling two sweeteners« 

DlsadTsntagesi   Where an opinion of dextrose was expressed by mm-dex* 
trose users duris« this survey, one out of four had rejected the^use 
of dextrose prixarUy because of its lesser sweetening power eoBpsred 
with su^r«   A few of the dextrose users also mentioned lesser sweeteiN- 
ing power as a disad^mntage in the use of dextrose«   Of ihe non-dextrose 
users who ccowBinted on dextrose, one out of four who ccanented on it 
reported that the flsTor of dextrose itself tended to alter the desired 
flavor of a beverage«    It was noted that a nnber of thipse aaanflaeturers 
had used dartr<»ie as a high pwcentai^ of total sweetener c<mtent dur- 
il« the war period«   Only a few of the present dextrose users imntioned 
that dextrMS affects flavor or taste« 

Tory few aanuf&cturers mentioned acy problems of fermentation, 
spoilage, or shortened shelf life attributable to usisg dextrose in 
soft ^ihks«   A ftnr reported the use of a type of aidsydrous dextrose 
which contained i^piurities during tbemr period«   A OMLU mmhsr í^ 
bottlers noted that highniensity sirups made with dextrose tended to 
crystallise when dextrMO constituted a high percentage of total 
sweetener content«   A few seei^d to think that dextrose caused sedi- 
iMntation in the finished product«   Eowever, the general lack c£ 
criticism amoxig the majority of bottlers from the standpoint of shelf 
life or keepiz« quality of soft drinks leads to the conclusion that 
dextrose is generally acceptable with respect to this factor« 

More than one-fifth of the total manufacturers interriewed stated 
that where anhydrous dextrrae had been used, dissolvliig difficulties 
were encount«ared, pi^incipally with l^e cold process i^thod of prepara- 
tion«   A few stated that it was necessary, in some ii^tances, to use 
scalding water in order to melt down a certain type ctf dextrose pur- 
chased during the war period« 

A group of 100 peztsent sugar users eqphasised the convenianee and 
economy of tondliz« one sweetex^r only« 4 large number of tiiese bottlers 
were using liquid sugar« If a bottler has installed liquid sugar facili- 
ties the cbftnces are i^eater that he will use all-sugar in his beverages« 
Only one plant with a liquid sug^r installation reported usii% a combina- 
tion of dextrose and sugar, and this was (mly in root beer« 

The Use of Corn Sirup and Miscellanaota Sweeteners in Carbonated Beverages 

Döring the sugar control period of World War 11^ the manufacturers 
of carbonated beverages, like so maxgr other food processorsi turned to a 
wide variety of sweeteners in order to stretch their available sugar 

954135 O—51 -9 
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supplies«   Whan food r^ulations or anforcdinent polleies pemlttadi 
usa «as Bada of saqf swaataxiers which ara not ordioarllar fc»2iiä lu soft 
drluks durisg noriDal tiaas«   Supplmestary swaetauers inoludad suck 
products as turblMdo sugar^i rafiu^rs* slrup^ houay^ corn sirup^ corn 
sirup solids9 and glucMS sirups nada trcm potatoas axid wheat» 

The greatly expanded deaazKi for bottled be'rorages durlzig the war 
aod the resultant short period between the time of production and co&- 
sussption made it such lass iitportant to use only those ingredients 
which would allow a prolozígad shelf life without deterioration or fer* 
B^ntation*    SOêêHB sanufacturers maintaij^ed high standarda of quality 
even durisig erbme si^ar shortages; others ware forced to use the more 
readily availabla sweeteMrs in order to maintain Toluma of sales« 
Most 9 if not all^ bbttlers have disc ont ijaued the use of substitute 
sweeteners since the rationix^ period^ because of adverse effects upon 
quality 4 

Corn sirup unmixed iras contained in the wartime aoft drinks of 
over 70 percent of the manufacturers interviewed during this survey« 
Almost 12 percent of these manufacturers stated that corn sirup did 
not affect flavor or color and did give body to the beverage.   The 
other 88 percent stated that corn sirup usage was not desirable for 
the following reasoust 

(a) Difficulty was experienced in hai^lix« barreled airup; 

(b) Corn sirup affected the flavor and taste of a beverage| 

(c) Fermentation wa& caused by corn sirupÎ 

(d) Corn sirup lacked sweetî^ssî 

(e) Hlxiiig and foaming difficulties were experienced; and 

(f) Corn airup affected the color of clear beverages« 

Only one manafacttirar was usiiîg corn sirup--in draft root beer.    One 
other small compaiy was using corn sirup at timesi primarily in order to 
keep a channel of supply open for supplementary sweeteners; secondarily, 
to reduce cc^ts« 

Ths usual ratio of corn sirup to sugar during the war compared closely 
with that of dextoose to stagar and was rarely in excess of 25 to 33 percent 
of the total sweetener content.   When sugar supplies were critically low, 
honever, some plants stretched these ratios to 50/50 corn sirup to sugar, 
and in rare instances, a manufacturer used lOO percent corn sirup. 
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CONFECTIONERY 

Role of Sweeteners in Confectionery 

The fimctions of sweeteners in candy making are to supply sweet- 
ness and body and to provide substances for the control of graining and 
texture of the product^ The principal types of sweeteners used are sugar 
and corn sirup^ the primary functions of sugar being to provide sweet- 
ness, body, and graining properties, while the essential functions of 
com sirup are to control the crystallization, inodifir sweetness, improve 
body, texture, or chewiness of the product, and assist in keeping candy 
moist or extending its shelf life« 

When sugar is the only sweetener used, control of inversion is of 
great importance, and length of cooking time, temperature of the "cook," 
kind of cooker (open fire, vacuum pan, continuous cooker, etc*), concen- 
tration of ingredients, and choice of inverting agent all are factors 
which can influence the degree of inversion and crystallization and the 
density, softness, and other properties of the candy* Control of grain- 
ing in candy is usually obtained by one or more of the following methods: 
by controlling the temperature and length of time of cooking the batchj 
*using small percentages of certain organic acids, invert sugars, or the 
enzyme invertase; or by using one of the com sweeteners, principally 
regular com sirup* 

The choice of an agent for controlling graining is governed largely 
by its price and the type of candy being made* Although the use of 
acids for producing from sugar the desired amount of invert sugar in a 
batch of candy must be carefully controlled, this method is rather com- 
monly employed for certain types of candy. However, addition to the 
sugar of predetermined amounts of invert sugar or one of the corn sweet- 
eners is steadily gaining favor* Use of a certain proportion of regular 
corn sirup probably is the most common method employed to control grain- 
ing, but high conversion corn sirups and invert sugar are used vrhere a 
greater degree of sweetness is desired than obtained from the use of 
regular conversion corn sirup* 

Confectioners' Use of Various Types of Sweeteners 

Sugar* Each of the 138 manufacturers interviewed were usijig sugar. 
None of them were iising liquid sugar exclusively, but nine percent re- 
ported using both liquid and granulated. Confectioners need a variety 
of specialty types of granulated sugar, such as coating and sanding sugar, 
fine and extra-fine granulated, confeotioners, and brown sugar. However, 
liquid sugar appears to be gaining in poptxlarity in those areas where it 
is generally available. For example, a third of the firms interviewed 
in the Nevf England area said that they were using liquid sugar. Liquid 
sugar lends itself to the manufacture of many types of confectionery, in 
that corn sirup ordinarily is used as a portion to total sv/eetener and it 
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is physically easier to handle two liquid sweeteners than one liquid 
and one dry. However, the necessity of cookir^ for a longer time or to 
a higher teHçerature, in order to eliminate the excess irater, is one of 
the objections to liquid sugar use by maî^r confectioners 0 

A few confectioners, especially in the Chicago area, reported usüig 
one or more of the direct-consimption types of sugar. In fact, two 
firms reports using only sugar of this type, Hormally^ however, those 
confectioners who make a varied line of products use these sugars only 
to the extent of 25 to 4Û percent of the total sugar content of a candy 
formula, or only in the dark-colored type of confections, molasses-type 
candies, and certain grades of chocolate. ObjGîtions to tiirbinados, for 
example, are based largely on the darkening or discoloration which th^ 
give to clear candy pieces, the molasses flavor imparted^ the tendency 
to make the batch foam, suad the variation in quality of this sugar• 
TShen direct-consimiption types are usai in place of fully refined si^ar, 
the reason usually is that they cost less. 

Com Sweeteners, Although they have lo3^ been used in volime by 
the confectionery industa^ before the war, corn sweeteners came into 
even greater prominence during World War II, Of all the conf (^tioners 
interviewed in different parts of the Ifeited States, 9S*5 percent used 
co3m sweeteners of one or more types. By geograjdaic regions, those using 
com sweeteners ranged from 100 percent in New England and,the South, to 
87»5 percent in the West, 

The order of importance of corn ^ireet^iers in the confectionery 
industry, based on quantities used, is (1) regular com sirupj (2) hig^- 
coversion com sirup, and (3) dascbrose. The percentages of confectioners 
in ^uîh major geographic area using ^ich of these types of com sweet^lers 
are given in Table 19, Preference is heavily in favor of regular com 
sirups, more than 6E percent of all the firms interviewed using it as 
their sole com sweetener, and an additional 27 percent using it in ooafci- 
nation with another com sweetraier. Less than five percent of the firms 
used high-conversion sirups as the sole corn sweetener, while none of 
them used dextrose as the only com sweetener. 

Corn sirup solids were used, to some extent, during the war period. 
This sweetener was used thai by 12 percent of the candy makers as a sub- 
stitute for corn sirup on a po\md-for-pound basis, up to SO percent of 
the com sirup requironents in the formula. No plant visited, however, 
reported its current usage. The principal objection to com sirup solids 
was basai on its cost and the difficulty of handling this product in less 
than full-bag lots, since the remainii^ portion rapidly became sticlqf. 

Other Sweet^lers. Limited amounts of other sweeteners are some- 
times used and such circumstances as inadequate sugar supplies some- 
times dictate greater than normal usage of them. For example, small 
amounts of honey, molasses, and maple sugar are used primarily as flavor- 
ixig scents rather than for sweetness, Sweetenai condensed milk is often 
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used although the principal sweetener it contains is that agent used to 
process the mUc rather than the lactose content • This product is oft©i 
used in such candies as creams, nougats and caramels to supply some of 
the sweetness, especially when there is a companionate need for milk 
in the confection. 

During the period when sugar was rationed and com sweeteners 
were not available in sïifficient volume to meet consumer demands, a 
ntimber of substitute sweeteners were used, such as wheat glucose, potato 
glucose, maltose sirup, and sorghum sirups, refiners* sirup, and sugar- 
cane sirups. Confectioners now have abandoned the use of such sweet- 
eners for reasons of non-uniform quality, difficult handling, and greater 
costs. 

CHOICE OF SWEETEMER USED 

The choice of sweetener, or combination of sweeteners, depends on 
the physical characteristics inherent in each, differences in deliver^ 
prices, type of candy being produced, type of market for which the pro- 
duct is designed, ani the methods of production involved. The propor- 
tion of the various sweeteners used and the range of substitutibility 
vary greatly, depending upon the kind of confectionery item produced. 
Accordingly,^ a detailed discussion of the extent and nature of the comr- 
petition betwe^:i sweeteners must necessarily give consideration to the 
specific type of product. The confectioneiy items have been groupe 
into eleven major categories, as follows: hard candy, fondants, creams, 
nougats, caramels, gums, jellies, marshmallows, fudge, chocolate, and 
chewing gum. Before discussing each of these types more fully, however, 
a few general principles relative to competition between sugar and tiie 
corn sweeteners in the confectionery field should be stated. The two 
primary areas of competition are: (1) sugar vs. COITI sirup, and 
(2) sugar vs. dextrose. 

S\3^ar vs. Corn Sirups 

Corn sirups are used primarily to control crystaHiaation and 
texture. They also aid in regulating the sweetness or taste of the pro- 
duct, gmd help to maintain the desired moisture content. Corn sirup 
cojmmonly is used in lieu of an acid or invert sugar • In making most 
candies with an aLl-sygar formula, some inversion is necessary in order 
to control graining, but control of crystallization and texttire can often 
be achieved more economically with corn sirup, the survey showed. Com 
sirup has the add aï advantage of being in a form ready for uae without 
further treatment, thereby making for simplicity of operations and better 
control over the production process. 

For each confectionery item, there is a range in the proportion of 
corn sirup to sugar which may be used, and in some instances an area in 
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which the proportion can be varied with little or no apparent effect 
upon quality^ Gonfeotioners have fotind that in most items it is 
necessary to use some corn sirup or some other agent to control 
crystallization and provide the desired texture, and that more may some- 
times be used without undue adverse effects upon quality* 

The decision to use the minimum or maximum amount of com sirup 
ÎJi a formula is dependent largely upon the market for which the candy 
is manufactured and the price differential between sugar and com sirup* 627 
As the price differential increases, the confectioner feels encouraged 
to use as much com sirup as possible without too great sacrifice of 
quality* However, the eocfcent to which changes in the differential cause 
changes in formulas varies considerably among confectioners* A few are 
quite sensitive to small changes in the differentials, while others pre- 
fer not to change their foxiaulas uBlesa the spread is considerably 
widened and has remained wj.de over a rather long period of time* Some 
confectioners are reluctant to change  the proportions of sugar and corn 
sirup to take advantage of price changes because of the piiysical problems 
associated with ch^ging fonaulas, and the fear of adverse consumer re- 
actions* In some cases confectioners are already using either the mini- 
mum or maximum com sirup and cannot readily adjust their formulas to 
take advantage of price changes without materially affecting quality* 

There appears to be no specific dollars and cents spread between 
sugar and com sirup which wo\ild encourage the use of either more or 
less com sirup. In other words, confectioners have not geared their 
formulas to any specific differential between sugar and corn sirup* 
Before changing a formula to take advantage of a price change, many 
confectioners weigh the advantages which they will gain by cutting costs 
with the probable disadvantage which might follow from alteration in 
quality. For example, a confectioner might be using 70 percent sugar 
and 30 percent com sirup in an item when sugar is 8 cents and com sirup 
is 6 cents* His per-pound sweetener costs would then be 7.40 cents. If 
the price of sugar advanced to 6*5 cents and com simp remained unchanged, 
his per-pound sweetener costs, using a 70-30 formula, would be 7*75 cents* 
By changing his proportions of are ebener s to 60 percent sugar and 40 per- 
cent com sirup, he would be able to reduce his per-pound sweetener 
costs to 7.50. However, a confectioner would need to consider "whether 
such a change in sweetener ratios might affect adversely the consumer- 
appeal of the item, resulting in a drop in sales, or requiring a decrease 
in the selling price of the tern. The proportions which the price differ- 
ential between sugar and com sirup are of the actual prices of these 
sn^eeteners is important as well as the differential itself. For example, 
a two-cent differential is much more apt to encourage maxijaum corn sirup 
usage Tfghen the actual prices are two and four cents than when they are 
six and eight cents. The pressure of all ingredient, production, and 
marketing costs on the selling price of an item also n^terially affect 
the extent to which confectioners change the proportions of sugar and 
com sirup to take advantage of changes in the differential. For example, 
if other costs remain high at the same time the selling price of the item 
is falling, a spread in the differential is apt to encourage greater use 
of com sirup* 

62/ For detail©! discussion see section on Price Eelationships. 
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Lew-cost types of confectionery items produced for certain types 
of niarkets usually have larger amounts of com sirup than, similar 
items produced for a different type of trade» One reason for this, 
of course, is that costs must be kept to a minimum in items selling 
for low unit prices. Also, the distributive channels through which 
confectionery of this type floirs require tli^at it have a fairly long 
shelf-life. For some products this requires larger amounts of com 
sirup than would be needed if the product were consumed shortly after 
it was produced. Confectionery items sold by manufacturers who are 
also retailers ordinarily contain smaller amounts of corn sirup than 
similar items produced by manufacturers iriio sell through wholesale 
channels. This is possible because the price charged by the manu- 
factuTfr-retailer ordinarily is somewhat higher and will perrait higher 
ingredient costs and because the short time between manufacture and 
sale eliminates the need for properties conducive to a long shelf-life» 

The amounts of corn sirup used by a manufacturer in many candy 
pieces often fluctuate as inuch as 5 to 10 percent with the season of 
the year, A smaller amount is used in summer because of the tendency 
which some candies have to sweat in hot weather if made with äs large 
an amount of com sirup in that season as in the wintertime. However, 
when the price differential is heavily in favor of corn sirup, a few 
firms lengthen the time for cooking a batch or raise the temperature 
to iñdiich it is cookoi, rather than adjust the amount of com sirup 
downward during the summer months. 

The percentage of com sirup in a formula usually associated by 
the trade with high-qxxality candy varies with the type of cooker used 
as well as with the type of candy and with the price diff erential be- 
t?ieen sugar and com siinip. Most manufacturers prefer not more than 
25 percent of com sirup when using open-fire kettles, but think that 
40 percent is allowable when using vacuum pans. Ihen the latter method 
is used, larger amounts of a hygroscopic ingredient such as com sirup 
can be used without affecting the physical characteristics of the batch 
because a greater amount of moisture may be removed from the batch 
without the danger of excessive caraîîielization. Ihile confectioners use 
com sirup in varying amounts in most types of confectionery items, this 
sweetener has a nimiber of inherent characteristics which ordinarily lindt 
its use to a certain proportion of total sweetener, and in many typasen»- 
courage the use of high proportions of sugar. For example, the dextrine 
in corn sirup tend to make candy gluey or sticky if too much is used, 
resulting ixi  sweating during hot weather and periods of high humidity^ 
Using corn sirup exclusively also can adversely reduce the sweetness« 
In some types of confectioneiy it is desirable to maintain sweetness at 
a high level yet produce candy with physical characteristics not readily 
achieved when granulated sugar alone is used» These desired physical 
characteristics are largely those related to control of graining and 
moisture retention in the candy, the proper regulation of which governs 
the tenderness and aids in extenddüg shelf-life. Fondants and cream 
centers offer the best illustrations of confectionery of this type. 
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Methods used to secure the desirable physical characteristics in these 
produots inclMe use of siiiall amounts of üivert sugar or com sirupj 
use of an inverting ^ent, such as invertase; or use of a partially 
i^nverted type of liquid sugar. One of the priinary advantages of using 
corn sirup in such cases is that it usually is the less expensive and 
appears to be of little disadvantage if used in relatively sniall amounts 
(10 to 15 percent). IWhen some reduction in sweetness is also desired, 
com sirup possesses an additional advantage. Because of their higher 
sweetening power and lower dextrin content, the high-conversion types 
of com sirup can sometimes be used as a larger percentage of total 
sweetening ingredient than the regular type com sirup before adverse 
effects upon quality are encountered. However, many confectioners 
believed that the advantages of high conversion sirup over regular sirup 
were not sufficient to offset their higher price and warrant their wide- 
spread use in confectionery. There does appear to be an increasing usage 
of the high conversion types when com sirups are for the same purposes 
as invert siagar. 

Su^ar vs. Dextrose 

Dextrose is used in either its hydrous or anhydrous form by 
about one-fifth of all the confectioners and chocolate manufacturers 
included in liie survey. However, it usually comprises only a small per- 
centage of total sweetener and in most cases the volume of dextrose used 
by the reporting comimny is negligible. An additional 40 percent of 
tiiose interviewed reported using it during the war years, but said they 
discontinued its use after sugar became readily available again in late 
1947. Although it was used by some in various types of confeotioneiy, 
its use was more widespread in marshmallows, gtms and jellies than in 
other types of candy. Use of dextrose by confectioners in 1948 rangoi 
from one-eighth of the manxifacturers in the West to slightly less than 
one-fourth in the Southern and Middle Atlantic States. (See Tableis) 
Based on the 3M interviews made within this industiy, it appears that 
dextrose is normally utilized in confectionery as a replacement for sugar 
rather than com sirup. The fact that dextrose does not ijnpart the same 
idiysical characteristics to candy as does com sirup is, of course, the 
major deterrent to the replacement of com sirup by dextrose. The amount 
of the replaconent of sugar by dextrose varies with the type of candy 
being made, but usually raxígea  from 5 to 20 percent of total sweetener. 

Confectioners who favored the use of some dastrose reported doing 
so for three principal reasons: (1) a belief that dextrose has properties 
which make for a creamier batch and extend helf life of the candyj 
(Z)  becaiuse dextrose peimts a reduction of sweetness which is consider^ 
desirable by some confectioners in certain types of candy; and (3) because 
dextrose sells at a price differential uni er sugar. 

^ The group which used dextrose during the war and has since discon^ 
tinu^ its use, and those who have never used it, objected to it on the 
grounds that: (1) due to its lesser degree of sweetness and solubility 
in comparison with sugar, it tends to make candy coarse-grained and 



Table 19. Confectionery3»  all types:    Com sweetener usage "by confectioners and chocolate manufacturers. 
by areas.  United States.  1948 

Type of Com 
Sweetener Used 

New England 
States 

Middle Atlantic 
States 

Southern 
States 

North Central 
States 

Western 
States 

United 
States 

No. Percent No, Percent No. Percent No. Percent No. Percent No. Percent 

Regular Corn Sirup 11 84.6 27 90.0 28 96.5 43 86.0 14 87.5 123 89.1 

High Conversion 
Corn Sirup 1/ 3 23.1 4 15.3 5 17.2 8 16.0 5 18.8 23 15.7 

Dextrose Zj Z 15,4 7 23.3 7 24.1 11 22.0 2 12.5 29 21.0 

Any corn sweetener 13 100.0 27 90.0 29 100.0 46 92.0 ■^ / cä7.5 129 93.5 
1 
M 
ro 
-a 

Used no com 
sweetener 5/ «^ ;—, 3 10.0 ». .    _ ' 4 b.u i/.j 12.5 9 6.5 

1 

Total Manu- 
facturers 

13 100.0 30 100.0 29 100.0 50 100.0 16 100.0 138 100.0 

Source:    Marketing Research Surveys, Silgar Branch, HiA 

Jj   In the New England States--2  {XBA%)^  in the Southern States—^1  {ZA%)^ and in the North Central 
States—5  (6.0^)  of the manufacturers used only high-c envers ion corn sirup in combination with sugar, 

Zj   No manufacturers used only dextrose in combination with sugar—the corn sirups were used in at least 
one or more products by the corn sweetener users» 

3/   Chocolate and licorice manufacturers only• 
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and sanày when used in high enough percentages to be an econoinic sub- 
stitute for sugar{-^(2) when enough is used to net a sairing over cost 
of sug^ replacedj^ it laay tend to Hiake candy sticky, sweaty, ajid hard 
to handle in hot weather; (5) it laaay discolor and toughen candy which 
must be cooked to a higher teinperaturej (4) it occasionally ciystiL- 
li2es out in p\imps and pipe lines« 

Majsy declared that the price differential between sugar and 
dextrose was not a factor in deciding for or against the use of the 
latter. These manufacturers felt that by the time consideration was 
giTen to the increased amounts of desctrose required to compensate for 
its lower sweetening value, and costs for handling a third sweetener 
were figured, any advantage in price differential was eliminated. 
Confectioners also generally thought that dextrose was customarily 
priced too high in relation to com sirup to be an economic substitute 
for it in a candy formiù.a* 

SWEETENER USE Bï TYPE OF CONFECTIOIJERÏ 

Hard Candies 

Hard candies, as discussed herein, include not only those types 
which are easily recognised as "hard," but also such allied kinds as 
brittles, crunches, crisps, toffeys, hard mints, and mint drops• 
Granulated sugar is by far the more important of all sweeteners in 
hard candy manufacture, being used in higher ratios to other sweeteners 
than in any other class of confections except chocolate. Generally 
speaking, all of the sweet^iers having predominant invert characteris- 
tics, such as partially inverted liquid sugar, invert sugar, honey, 
high-conversion com sirtsp^ and molasses, are not popular in hard- 
candy manufacture, due to their tendency to cause excessive sweating 
during humid weather. Turbinado sugars are rarely used in hard candies 
because they also tend to impart discoloration and an excessive molasses 
flavor, 

A large proportion of high-quality hard candies was reported to be 
made with from 60 to 70 percent sugar, and the balance of total sweet- 
eners being regular corn sirup« ilmost one-third of the hard candy 
manufacturers visited were using 60 percent and 40 percent corn sirup 
while slightly more than a fourth reported using 70-50 proportions, 
Vihen open-fire cooking methods were used, ratios of 70 percent sucrose 
to 30 percent corn sirup were common. In the more modern vacuum-pan 
cookers, a ratio of 60 percent sucrose to 40 percent corn sirup was 
very common. The majority opinion was that corn sirup in excess of 
40 percent of total sweetener causes excessive sweating and stickiness 
of hard candies in hot or humid weather. It was not uncommon, however, 
to find hard candies of average and good quality being made with higher 
percentages of com sirup, since 15 percent of the manufacturers reported 
common usage of a 50-50 formula. Individual pieces are often wrapped 
in moisture resistant cellophane, or the candy may be packaged in glass 
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containers; and more corn sirup may be used when the candy is to be 
marketed in cold weather. 

A few firms reported using 100 percent sugar in hard candies, but 
in general, this percentage of sugar was reported to cause excessive 
graining or to make candies chalky• At the opposite extreme, con- 
fectioners occasionally made use of 100 percent corn sirup, and no 
sugar, in order to keep in business during the war rationing period, 
but stated that while it did make hard candy which could be marketed, 
it lacked sweetness, was difficult to handle in humid weather, and did 
not fracture properly in eating» 

Under normal conditions only a few manufacturers were using high- 
conversion com sirups or dextrose* Even during the war their use of 
these products was not widespread. The high dextrin content of regular 
conversion com sirup is what is wanted in a com sweetener for making 
hard candy. The high-conversion sirups and dextrose, moreover, are 
both more expensive than regular com sirup. Although corn sirup 
solids were used during the rationing period in hard candy formulas, 
sometimes for up to 45 percent of toted sweetener, they are not Used 
now, because the desired characteristics can be imparted to hard candy 
at less cost by the use of regular com sirup. 

Fondants and Greajus 

The manufacturers of fondants and creams are treated here as a 
group, "yilhile fondants are sometimes sold as such, they usually form 
the basis for creams. Basically, fondant is made with either all sugar 
plus a small amount of inveirb sugar or inverting agent, or with sugar 
plus either regular corn sirup or a combination of regular and high- 
conversion corn sirups. The sweeteners are cooked to the proper tem- 
perature, cooled to creaming temperature, and then creamed to give the 
consistency known as fondant. In the mianufacture of creams, the fon- 
dant base is further processed through the addition of what the industry 
knows as:  (a) a **bob» (a sirup similar to that used for the fondant but 
not creamed); (b) a **frappe*" (consisting of corn sirup and sugar or 
invert sugar, and albumen, which have been boiled and beaten until similar 
to meringue or marshmallow) j or (c) a "maaetta" (another of the marsh- 
mallow-like products, similar to a '*frappe")» These intermediate pro- 
ducts are worked up into various candies coming under the general head- 
ing of "creams," 

From the surveys, it is apparent that the greater proportion of 
manufacturers of fondants and creams use a relatively high ratio of 
sugar in proportion to com sweetener, which is usually regular com 
sirup. The ratios used by about 40 percent of all fondant manufacturers 
and about half of the makers of creams intervie^^red ranged from 70 to 80 
percent sugar to 20 to 50 percent com sirup. The bulk of the remainder 
felt that fondants and creams of acceptable quality could be made with 
60 to 65 percent sugar and 35 to 40 percent regular com sirup. Although 
a few firms reported that the use of corn sweetener up to 50 percent or 
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more of total sweetener was resorts to in periods of shortage ar to 
meet a lower quality demand, ordinarily the minimiam proportion of 
sugar required to make acceptable creams and fondants was considered 
to be about 40 percent• If more than 40 percent corn sirup were to 
be usedj, it was thought üiat the product would be likely to be heavy 
and tough, and lacking in sweetness♦ Many confectioners making high 
and medium quality creams and fondants with percentages of corn sirup 
ranging from EO to 40 percent of total sweetener, prefer to use invert 
st^ar up to about S percent of tot^ sweetener and decrease the pro- 
portion of com siimp accoMingly. Ihen invert sugar is not used, all 
or a portion of the corn sirup may consist of the sweeter high-conversion 
'fcyp^i the objective being to obtain a sweeter and more tender product 
than would result with the larger percentage of regular corn sirup. 

In both creaaas and fondants it is not uncommon for confectioners 
to use 103 percent sugar, cooking this with a little inverting agent, 
such as cresua of tartar, or tartaric acid* A very small miount of 
the enzyme invertase is often addal, after cooling sufficiently and 
before coating with chocolate, to control graining, give longer shelf 
life, and prevent fermentation by making it possible to work the batch 
to a higher temperature or density. As the proportion of sweetener 
représentai by sugar is decreased and corn sirap is increased, the need 
for the inverting agent diminishes^ Ihen the proportion of com sirup 
is 30 percent or more, most confectioners do not i^e inverting agents 
in fondants and creams^ 

The proportion of st^ar and com sirup usM in fondants and creams 
depend largely in the first instance upon the pr*5viously determined 
quality of product or type of market for which the product is intended« 

Once a maniifacturer has decided whether he wants to produce for 
the average or high-^\xality market, it is a raat^^er of judgment as to 
the ratio of sugar to com siarup wlûch he believes best from a technical 
standpoint* If he has decided to aim for a hi^i-quality fondant or 
cream, for example, the primary consideration in deciding whether to 
use as little as 10 percent or as high as 50 percent com sirup is the 
question as to what combination will best yield a product having the 
desired characteristic. 

The price of com sirup in relation to sugar is also important, 
and this consideration becomes iiicreasingly important as the price 
competition among manufacturers narrows the margin between selling price 
and production costs. The price differential appeared to be more im- 
portant to îxTms  using regular com sirup as the sole other sweetener 
in combination with siagar* Where manufacturers were using high-conver- 
sion com sirup as all or part of the total sv/e et ene r, or were using 
some invesrt sugar aJ-ong with the corn sirup, the price differential 
between sugar and corn sirup did not appear to be as significant a 
factor. Instead, the choice of sweeteners, in these cases, seened 
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to depend Largely upon preferices associated with the differences in / 
physical properties imparted to fondants and creams by the use of 
various proportions of these sweeteners. 

Hoi^gats and Caramels 

Most manufacturers of noiagats and caramels were using from 50 to 
60 percent sugar^ and the balance com sweeteners. By far the most 
commonly used com sweetener was regular com sirup. High-quality 
nougats and caramels were made by using approximately 60 percent sugar, 
while those with 50-50 ratios were considered to be of about average 
quality. About half the caramel manufacturers and about a third of 
those making nougats were using half sugar and half corn sirup, while 
about a fourth of the caramel manufacturers and a third of the nougat 
manufacturers stated that they used 60 percent sugar and the repainder 
com sirup. Extremely high-quality nougats and caramels were sometimes 
made with as high a proportion as 70 percent sugar, but this was said 
to represent about the maximum sijgar usage consistent with maintenance 
of the desired cbewey characteristics of theâe types of candy. Sugar 
in excess of 60 percent was reported to cause graining in nougats and 
caramels, unless accompanied by low percentages of invert sugar, or 
unless an inverted type liquid sugM* or high-conversion com sirup is 
used. On the other hand, average quality caramels reportedly are 
possible with as little as SO percent sugar, if the remaining 70 per- 
cent is made up of high-conversion com sirup. Similarly, a combi- 
nation of 60 percent regular com sirup, 5 percent invert sugar and 
35 percent sugar was said to be suitable for producing average quality 
caramels. 

Despite the statements of confectioners that high-conversion coinfi 
sirups and invert sugar could advantageously be i^ed in place of a part 
of the regular com sirups, in order to make caramels and nougats sweeter 
and more tender, only a small proportion of them were using these pro- 
ducts, presumably because of the additionaúL cost incurred unless the 
proportion of sugar is simultaneously lowered. 

There appeared to be considerable evidence that manufacturers of 
nougats and caramels varied the proportions of sugar and com sirup to 
take advantage of cimnges in the price differential between these two 
sweWieners. Most of this variation seemed to occur between ttie two 
ratios of 60 percent sugar to 40 percent com sirup and 40 percent stigar 
to 60 percent com sirup. As confectioners approached ttie latter ratio, 
however, they usually made use of small percentages of invert sugar or 
shifted, at least in part, to hi^-conversion com sirup, in order to 
counterbalance the toughening and loss of sweetening which would result 
if only sugar and regular copi sirup were used in a 40-60 ratio* 

None of the surveyed finas making caramels reported the use of 
dextrose, aBd only 10 percent of the producers of nougats reported its 
use at that time. Use of dextit>se in nougats was in very small propor- 
tion of total sweetener—^ustxally not more than 5 or 10 percent. During 
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the war years, however, it was used frequtaitly up to 50 percent of 
total sweetener• One reason giren for not liking deortrose was that it 
toughened the candy* Those who used some dextrose in making nougats 
believed that it could be substituted for a certain amount of sugar at 
a slightly lower cost than by use of com sinip alone with sugar * On 
the otiier hand, there were aany who saw no particular financial ad- 
vantage in using snail percen-teges of dextrose, and expressed a dislike 
for handling a third sweetener• 

During the war, corn sirup solids were used in makiog caramels 
and no^ats in amounts up to 20 percent of total sweetener* Use of this 
product has now been practically abandoned, however, because its hygro- 
scopicity in £B&all lots in sm open bag makes it hard to handle, and 
because it costs more than com siri;qp. The surv^ showed c^idy manu- 
facturers can use direct-oonsu^ion types of sugar to advantage in 
nougats and caramels because of the darker color of these candies* 
Their use up to 40 perçut of total sweetea» was reported by a few 
companies, such use being attributable, of couwe, to the price differ- 
ential under fully refined sugars* lon^ aj^ molasses were popular in 
these two confections as flavoring agents* 

QUMS and Jellies 

Some combination of sugar and regular corn sLrtsp is by far the 
general rule in making gums and jellies* Of the 51 plants surveyed 
which produce these types of confections, all «ed sugar and all but 
four used regular com sirup* Only one plant used invert sugar, while 
the percentage of those using dextrose and hi|^-conversion com sirup 
were 15*7 and 7*8, respectively* 

The oonseMus aitong manufacturers was that top quality is achieved 
when two-thirds of the sweetener is sugar and the rraadnder is regular 
com simp* Average quality guM and jellies wiKPe said to result with 
SO to 60 percent com sirup, or even as muoh as 70 percent coïti sirup, 
if the pieces are sanded or coated* SaaKling the piece with coatîjag 
sug5üP reduces the tetóency to sweat In hot airi humid weather irtien hi^ 
percentages of com simp have bwn used* lla^st half of those who were 
making gums and jellies used half com sirup and half sugar for the 
sweetener contests, while another 20 percent preferred 1^ vme 60 per- 
cent com simp* Tom^ess and sweating were reported to result if the 
proportion of com sirup was more than 60 percent* Confectioners indi- 
cated that teaaperature of the cook was as much a controlling factor for 
producir^ t^Qdemess or tot^tmess in^^^ g^   jellies as is the percent- 
age of su^ir and com sweetener used* During the World War H sugar 
shortage, confection's frequently used com sirup as the only sweetener 
in these products* 

As with nougats and caramels, the price differential between sugar 
and com simp mateidally affects «le proportion of thwe two aweet^ers 
used in gums and jellies* An Increase in the differential will encourage 
those using a 60-40 ratio to switch to a 50-60 or even a 40-60 formula 
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and a narrowing of the differential will have the opposite effect ♦ 
Other considerations usually restrict a confectioner from adjusting 
the proportion of sweeteners beyond this 20 point range. 

High-conversion com sirups appeared to be gaining in popularity 
for this type of product, offering greater smreetness than regular com 
sirup, and a more tender piece. It was reported thfat siigar percent- 
ages coxild be reduced considerably when the high-conversion type was 
substituted for regular conversion com sirups. Some manufacturers 
indicated that production costs could be lowered when high-conversion 
sirups were used for replacing part of the sugar and part or all of the 
regular corn sirup requirements» Many felt that use of this sweetener 
and less sugar increased the shelf life and gave the products the 
desired degree of sweetness, and that its use instead of regular corn 
sirup improved texture and flavor* 

Considerable controversy was found to exist as to the place of 
dextrose in making gums and jellies. Those who did not favor its use 
maintained that batches containing it must be cooked to a higher temr- 
perature, with resultant toughening and discoloration attributed to 
caramélisation of the dextrose* Others, however, maintained that 
dextrose in amotmts up to 25 percent of total sweetener aided in moisture 
retention in these pieces, made them more tender, and allowed a little 
reduction in ingredient costs. 

Marshmallows 

The most common sweetener ratio used by the marshmallow manufacturers 
interviewed approximated half sugar and half corn sirup. This is the 
point where they reported that the amount of sugar needed for this type 
of candy is being provided and maximum savings in cost of materials are 
attained. When the proportion of com sirup is increased beyond 50 per- 
cent, marshmallows were said to have a tendency to become sticky and 
lack sufficient body to hold up firm3^. Ä€«rever, acÊm îixim ^ed as 
high as 85 percent com sirup and said they were making a marshmallow 
which was quite acceptable in certain miark et s. Several confectioners 
reported making marslimallows with 100 percent corn sirup during World 
War IIj these products were admittedly tough and had a short shelf life, 
but, when coated, were acceptable under wartime conditions. The mini- 
mum amount of com sirup used in marshmallows was reported to be 40 per- 
cent of total sweetener. Using less than this amount was reported to 
result in too dry and stiff a marshmallow* Proportions of sugar and 
corn sweeteners are rather flexible iii this type of confection, and a 
high-quality product can be produced u^^ing % wider variety of sugar-corn 
sweetener ratios than is generally true of other confections. 

Regular corn sirup was by far the most common corn sweetener used 
in making marshmallows, being employed by about three-fourths of the 
producers. About one-fourth of the 29 manufacturers used high-conversion 
corn simip, about a fifth used dextrosej and most of them used regular 
com sirup as well. Use of invert sugar was rarely reported, since 
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other sweeteners, principally high-conTersion com sirup^^ were said 
to do a sisdlar job of controlling grainings, increasing tendemos, 
improving keeping quality and at a lower cost♦ 

High-conversion com sirups are steadily gaining in favor among 
marshmallow manufactiirers because^ being sweeter, they help to reduce 
costs of production by replacing a greater amount of s-ügar than is 
possible with regular com sirups. In addition, these sirups were said 
to have the property of keeping marshmallows from drying out when their 
shelf life would be likely to be long, and their lower d^rtrin content 
was said to give a marshmallow with a more tender or «fluffy^ tertiire. 

Several confectioners indicated that deorbrose could readily be 
used for replace^ient of from 10 to 20 perceait of the sugsœ content. 
They thought that this amount of dextrose gave more body to the marsh- 
m^low, improved its tescfcure, airi tocreased its moisture-retaining pro- 
perties, and that this practice perMtted a small saving in material 
costs. Cta the other hand, maûy manufacturers indicated the belief tlmt 
beneficial results or economies derived from the addition of dextrose 
were insxifficient to warrant the trouble ^id ^pense of handling a 
third sweetener. 

In the manufacture of marshm^lows the use of larger amounts of 
com sweetener has persiled since the war emergency, when it was the 
general practice of mmiy confectioners to use as much of these sweet- 
eners as possible. In many instances less si^ar and higher ratios of 
the high-conversion coi*n sirups, plus enoiagh derbrose to stiffen and 
improve the torture of the marshmallows, were being us^ at the time 
of this survey. 

Fu^e 

Sweeteners used in the great btOk of fudge manufactured for general 
use usually consist of between 60 to 70 percent sugar and 30 to 40 per- 
cent corn sweeteners, with or without the use of BSíBIT percentages of 
invert sugar.    The best ratio for aLl«aroimd use was refXirted to be 
70 percent sugar and SO percent regiiar com sirup, this being just 
enough com sirup to maintadn the proper softness of tíie pi^e, control 
crystallization, and prevent grainy consistency.   Some manufacturers use 
regular com sirup whUe others use a combination of the regular and 
high-conversion types^    Some invert sugar is often us^ instead of hi^- 
conversion com sirup.    Manufacturers indicated, however, that invert 
stagar cannot be substitute for all of the com sirup ratio called for, 
because of the need for the d^ictrins of com sirup to control body and 
tenure of the piece and reduce the sweetness. 

Although fudge made with as much com sirup as 40 percent of total 
sweetener was disliked by some because they believed the flavor of corn 
sirup too detectable at this point, this combination was fairly popular 
because materials cost in acceptable quality fudges was minimised at 



- 135 - 

this point. In wartime, the sugar content dropp^ belofir 60 percent 
but high-conversion com sirups or invert sugar were added to bring 
up the sweetness and to tenderize the product. Proportions of sugar 
above 70 percent were generally considered too expensive for profit- 
able operation. However, many high-quality fudges are niade mth 75 
or 80 percent sugar, around 5 percent high-conversion corn sirup or 
invert sugar, and the remainder regular com sirup* Proportions of 
sugar in excess of 80 percent of total sweetener were considered to 
result in fudge which was too dry or short. Therefore, the area of 
substitution between sugar and com sirup in making fudge is largely 
in the area between 60 and 80 percent sugar. It is only within this 
20-point range that changes in the price differential between sugar 
and com sirup have any material effect upon the proportions of sweet- 
eners used^ However, price relationships between regular and high- 
conversion corn sirup and between these simips and invert sugar 
determine to a large extent the exact proportions of those sweeteners 
which will constitute the 20 to 40 percent of total sweetener which is 
not sugar. 

Sixty-five percent of the fudge manufactxirers reported using 
dextrose at the time of the survey. Ordinarily it was not used in 
amounts in excess of 10 to 15 percent of total sweetener. Manu- 
facturers Tisho favored its use felt that small amounts of this sweet- 
ener resulted in a fudge -which was tender and had good moisture- 
retaining properties. If used in excess of 10 to 15 percent, however, 
dextrose was said to cause excessive crystallisation. The price 
differential between sugar and dextrose seemed to encourage little 
use of dextrose in fudge. On the other hand, the lower price of com 
sirups and the cost and inconvenience of handling another sweetener 
definitely seemed to discourage the use of dextrose. 

Chocolate 

The sweetener content of chocolate depends to a large degree upon 
the type of chocolate being made.    Howrever,  there may be considerable 
variation in sweetener content within a given type, since the type of 
chocolate depends more upon the proportions of cocoa, milk and butter 
used than upon the sweetener content.    The four rather distinct types 
of chocolate reco^ized in the trade are sweet, milk, semi-sweet, aad 
bittersweet.    The sweetener content of sweet chocolate was reported to 
vary from 38 to 50 percent; semi-s?feet from 30 to 45 percent, and ndlk 
from 20 to 53 percent.    Bitter-sweet ordinarily contains very little 
sweetener, but in some cases was reported to be made with from 7 to 
20 percent. 

Manufacture of chocolate is one industry in "which there is little 
use of any sweetener other than granulated sugar^    Except for the use 
of corn sirup in making chocolate sirups for soda foimtain and home use, 
the 14 chocolate manufacturers surveyed reported using no com sweetener 
at the present tme.   However,  about two-thirds of these plants did use 
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dextrose diaring the war. Direct-cons-umption type siagars were being 
tised by only two of the fourteen isanufacturersj during the war these 
s\:^ars were used by two other plants* 

Only dry sweeteners such as sugar, anhydroi^ dextrose, (or corn 
sirup solids) are permitted by Federal food standards in the manu- 
facture of sweet chocolate or sweet chocolate coatings. Generally 
any sirup was strongly objected to, becaT:^e of the difficulties of 
coping with excess moisture. However, a few chocolate maniifacturers 
líího use fluid milk in making milk chocolate did not object to the use 
of liquid sugar, since it can be mixed with the fluid milk and then 
dehydrated prior to combining with the chocolate liquor. In the manu- 
facture of the other types of chocolate, semi-sweet, bitter-sweet, mlk, 
and sirup, there are no Food and Drug Axiministration restrictions on 
the type or amounts of sweetener, dry or liquid, that may be used. 

Dextrose was more popxilar than com sirup solids in chocolate 
products during periods of sugar shortages, primarily because of its 
greater svfeetening power, less hygroscopic property, and ease of hand- 
ling. Dextrose was most commonly xised in milk chocolate. Although 
Federal food and drug regulations peimt use of dertrose in sweet choco- 
late up to a third of total sweetener, and place no limit in its use in 
other types of chocolate, it ordinarily was not Used in amounts greater 
than 25 percent. When it was used in greater proportions, a product 
which lacked adequate sweetness was reported to result. 

Chewing Gum 

Sweeteners account for 70 to 80 percent of the total weight of 
chewing gum© Of the total amount of sweeteners used in chewing gum, 
from 60 to 75 percent usually is regular com sirup, the remainder being 
sugar or a combination of sugar and dextrose. Corn sirup solids, invert 
sugar, and high-conversion com sirups normally are not used. 

Sugar is needed in chewing gum to provide the desired sweetness, 
whereas com sirup is essential for the provision of chewey characteris- 
tics supplied by the dextrins in combination with the gum base. Ifalike 
many types of confections, high-quality chewing gum is not necessarily 
associated directly with high sugar proportions. Some low-quality gums 
were reportedly made with 50 percent sugar, while 40 percent or less 
sugar was quite common in many high-quality types. This would appear to 
indicate that the price differential between sugar and com sirup was a 
relatively unimportant influence affectiJtig proportions of these sweet- 
eners. The desired sweetness and degree of chewiness appear to be the 
primary considerations influencing the combination selected. 

The primary area of competition between sweeteners in making chew- 
ing gum is between granulated sugar and dextrose. The price differen- 
tial between these two encourages many manufacturers to use dextrose up 
to the limit permitted by its physical characteristics. Those who do 
not use dextrose fail to do so principally because of the mechanical 
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disadvantages associated with using three different sweeteners (sugar^ 
corn sirup, and dextrose)* Ihile some firms making bubble gum ran up 
the percentage of dextrose to total sweetener as high as 24 percent, 
the generaJ- average in high-quality chesiing gum ranged between 5 to 
10 percent• Manufacturers reported majiy difficulties when trying to 
use dextrose in excess of 10 percent* For example, it was necessary 
for them to adjust air-conditioning temperatures in the whole plant 
when larger amounts of dextrose were in the mix* In other instances 
the dextrose ciystallized out and interfered with the mechanism of the 
chewing gum production line» Normally, it is the dissolved sugar which 
lubricates all of the surfaces in the chewing gum production line to 
prevent the batch from sticking anyvïhere during the manufacturing pro- 
cess* Ihen dextrose in excess of 10 percent was used, its slower rate 
of entering into solution, in relation to sugar, caused it to crystal- 
lise and make the batch adhere to the equipment* Some firms tried 
dextrose in the sugar coatings of chewing gum but found that it did 
not adequately prevent stickiness during hot weather* 
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THE CMNING INIXJSTRY 

The Purpose of Sweeteners in Caimad Foods 

Almost all fruitsj the majority of acid Tegetables, and some of the 
non-acid vegetables are canned with a sweetening agent or agents« The use 
of sweeteners in canned foods is primarily to improve the flavor or pala- 
tability of the pro du ot, preserve natural colors, and prevent material 
changes in the texture of their cellular structure• The use of what is 
known as a "canner*s"grade of sugar, which 1ms been treated by ultra- 
violet rays or other suitable process to reduce the count of thenaophilic 
bacteria sometimes present, is a precaution taken in the caxming of non- 
acid foods, especially vegetables» Protection from fermentation and 
growth of bacteria or iï»lds in canned foods is controlled principally 
through heat processing and packing in air-tight containers» 

Fruits Tiôiich are intended to be eaten directly in the form in which 
they come from the can are better dessert items when sweetened. Those 
idiich are to be used in jelly-making, pie filliags, or salads, may be 
unsweetened, since they are sweetened or seasoned to taste when used« 

In canning, the fruit i^ subjected to temperatures sufficiently high 
to kill all actively-growjmg bacteria and yeasts» The sirup which is 
then added may be made witli öie sweetener or sweeteners of the canneras 
choice so long as "öieir ust is permitted by applicable Federal and State 
food standards governing t: ^ particular fruit being cranned» Mandatory 
Food and Drug Admâiiistratl ri regpalations or voluntary U»S#D»A» standards, 
and in isolated cases, S:^^e laws place limitations on the use of sweeteners 
in certain canned foods. These limitations say be with respect to the type 
of sweetener permitted a ^^e proportion of total sweetener which may be 
comprised of a particular sweetening agent, ranges in the amounts of sweet- 
eners ifdiich must be used, or requirem^its for labeling identification» 
(See pages 80 to 94 for detailed discussion of the impact of Food and Drug 
regulations, U»S.D»A» standards, and selected state laws on sweetener 
usage») 

Amounts of Sweeteners Used in Canned Foods 

The amount of total sweetener with which fmiits are canned is related 
to the density of Üie sirup added to the fruit» This density is usually 
expressed in terma of degrees Brix, which is the approximate percentage 
of solids in the sirup» I^w-density sirups, famtliarily known as "light" 
sirups, are usually 20^ Brix or less, while high-density sirups, called 
"heavy" or **extra-heavy'* are oft^a 60*^ Brix or laore» Medium-density 
sirups have an intermediate Brix reading» 

Yfhen sugar is the sole sweetening agent and only water is used to 
make the sirup, the weight per gallon of a 20^ Brix sirup at 20*^C would 
be 9»012 pounds, while that for a 60^ Brix sirup would be lO»727 pounds 
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at the BBsm temperature* 6Z/   Tims, a gallon of 20*^ Brix sirup would 
contain 1#802 pounds of sugar (20 pereent of 9#012) while the saaiie quan- 
tity of 60*^ Brix sirup would contain 6»436 pounds, or more than 3 tii»s 
as much»    This shows that there is not a 1 to 1 relaticmship between 
variations In Brix and sugar content per gal Ion •    Because some of the 
com sweeteners are not Bioistüre*-f ree# larger aiïiounts of these saist be 
used to produce sirups of equiTrailent density» 

The density of the jÄcking sirup beooiaes considerably thinned in 
canning as the result of en interchange of a part of the sirup with the 
lighter-density natural juicas of the fraits.    This interchange is coiaplete 
and the Brix becomes constant approxim^jcely 15 days after canning»    The 
sirup density then prevailing in the jjack is known as *»cut-out** Brix and 
may be as low as 12*^ to 14® for the light sirups, the original density of 
wM.ch was 20*^, and from 24^ to SO^ for the heavy sirups of original 
densities from 60® to 60^^    Tim spécifications for sirup densities in- 
cluded in food standards are usually in terms of **cut-out** Brix»    There 
is no hard-and-fast relations} ip between »»put-in" Brix and »out-ouf* 
Brix»    The relationship variera with type and grade of fruity density of 
sirup^ and proportion of si uip used» 

The density of sirup in nèiich fruit is packed varies with the type 
of fruit and differences in the quality of grade»    Fruits which are bland 
or delicate in f lavt r mia.y be packed in the lighter sirups to avoid masking 
their flavors by excessive sweetness»    Some canners prefer to prevent 
excessive sweetnees In fruits packed with relatively hea^ density sirup 
by using one of the oora sweet^aers as a portion of the sweetening in- 
gredient»    With fruits which are highly acid or which have rather strong 
or pronounced flavors^ the heavier (sweeter) sirups may be used without 
too much concern over their effect on the fruits* natural flavors* 

Table 20 gives   Me range in sirup densities and the densities most 
frequently ußö. whi^h have been reported for the principal canned fruits 
and fruit juices» 

Höiile '^a ^;etábles are not necessarily canned with the use of a 
sweetener, ^4 f#w of them, principally beans, peas,  and com,  and various 
saucea  sucii a^ chili sauce,  catsup, etc»  are put up with small œnounts 
of swosteïiur added as a seasoning,  like salt or spice,  to accentuate or 
improve thei * natural flavors»    In the case of these products, the Federal 
food   fîid d/ug standards limit the sweetener which may be used to sugar 
©n'a de tro sa»    The amounts used vary considerably for the different 
p*-o^^-^ats, and for the saias product they differ according to the preferences 
of individuai canners»    Food standards ordinarily do not specify any 
minimum or maximum a^wit of sweetener for use in canning vegetables» 
The anöunts reported for certain vegetables are given in Table 21» 

6S/    Sp^^cer, Guilford L. and Meade, George P», Â Handbook for Cane 
Supir'^anufacturers and Their Chemists»    W»Y»,  Jolm ?aiey and Sons, 7th 
Edition,  1929, Table 3SÂ, pp* 476-7» 
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Table 20 - Dmsities of Packing Sirups Indian Sweeteners are Used in 
Canning Berries, Fruits end Fruit Juicee 

Berry, fruit, or Range in density 
fruit juioe ~    Low High Most usual density 

*^ **Put-in»    ^ "Put-in ® "Put-in"      ^ 
Brix Brix Brix 

Apricots t........\,,..^ 60 67 65 

Qierries ♦. ..•.••• 40 67 50 

Citrus juice *•••.•«•••• 12 14 12-13 

Citrus segmaats •••«•«•« 14 18 16-18 

Fruit cocktail ••••.,.^* 40 50 45 

Peaches •••••••••••••... 50 67 67 

Peers •...••.•..•.>*•.•» 20 67 45 
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Table 21 - Aiaoimts of Sweeteners Often Used in Certain Canned 
Vegetables and Related Products 

Product 
Sweetener Rang©^ 
Low Hif^h 

Percent of Sweetener to 
Total Weight of Finished 
Products 

Beans, kidney ....... c.. < ) 3è 

Beans, lima ......*..... 1 le 
pork and beans ....«<..« * 4 

Peas, garden •.•.»»••«•• i 3è 

Soups • > • • • 1 4 

Catsup •••*.*•< ••• 7 . 26 

A-rerage Amoimt of 
Sweetener Used 

1 

1 

n 
1 

2 

17 

Percent of Sweetener in 
Brine or Sauce j 

Beans, Boston-baked ••. ,.  5 19 

Bean*, green .»><...... .»  1 4 

Beans, kidney •••.••«.< ► .  2 17 

Pork and beans •••  ,. 10 IB 

Peas, garden •........< ,.  S 7 

Com, sweet ........ • • < ..  4 15 

13 

3 

8 

14 

4 

7 
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use of Sugar in Canned Foods 

Mtmber of Caimers Using Sugar - Sugar and dextrose are the sweeteners 
aost coiEDonly used in canned foods«    Other sweeteners include sirups or 
oom sirup solids, laDlasses, and honey#    All caimers surreyed used sugar 
in either granular or liquid form, eaad ño particular preference was indi- 
cated for either cane or beet sugar«    Approximately 64 percent of the 
cannera iiho were contacted reported that they used sugar as the sole 
sweetening agent» 

Although about 90 percent of the canners said that they used only 
dry sugar, liquid sugar was foimd to be increasing in popularity.    Many 
corners claiir^d that liquid sugar containing a substantial proportion of 
in-rert sugar was more effective than dry sugar in t^iderizlng the skins 
^d c<mserring the fruit's natural textui^»    On the other hand, îoany 
believed that the additional water in liquid sugar (or, for that matter, 
additional water added to the product by any sweetener in sirup form) 
was a handicap, in that it diluted the natural fruit juices excessively« 

A small number of camiers reported the occasional use of direct- 
consumption st^ars«    These were used solely for economy and principally 
in the Chicago area and the South, where competition is keener and soir« 
of the sablier firms found it necessary to pare their production costs» 
la products such as pork and beans or swgét potatoes, the slight molasses 
flavor of turbinados was said to be unobjectionable«    Molasses and honey 
were used for flavormg as well as sweetening agents for such products 
as Boston baked beans,  red kidney beans, and tinned, dark breads« 

Reasons for Use of All^Sugar Packs « The survey showed that long association 
of sugar with high-quality canned goods is a major factor influencing many 
caimers to retain their ^all-astablished all-sugar packs rather than 
experüaent with other sweeteners«    Since canned goods are bought largely 
on the basis of braad names, s^ny of the larger and more widely-known 
firms are reluctant to change their fonraulas for fear of upsetting estab- 
lished consumer preferences«    There are cannars, of course, ¥*LO believe 
that œiy change from œi all-sugar fonmila actually would result in a 
lowering of quality, and that economies,  if any,  resulting fjrom use of 
com sweeteners in any auaoïints would be more then offset by a lowering 
of consumer acceptance for ttie product«    Anotíier advantage of using all 
sugar in packs,  as reported by the coiners interviewed, was that it was 
the only sweetener which could be used alone in a broad variety of items« 
Handling two or more sweeteners was said to add to in-plant handling 
expenses and to increase the chiuaces  for error in the formulas«    The 
principal dis advient age of some all-sugar packs were said to be excessive 
sweetness and a masking of delicate fruit flavors« 

Use of Dextrose in Canned Fruits and Vegetables 

Number of Canners Using Dextrose - About a third of all the camiers 
interviewed used dextrose«    Dextrose was found ix* be most popular among 
the canners on the West Coast and in the Florida citrus area, where in 
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approximately half of iäie plants -visited, esoEmers were using it% Nearly 
half of the caamers used dextrose at tiiaes during the recent n&r« Its 
current acceptance is due in part to the iiartiiae experiences» 

Proportion of Total Siteetener Coiï^Oîsed of Dextrose - In most instances, 
dextrose ivas being used in co3!d3ination with sugar« As a general rule, 
dextrose comprised from 20 to 25 percent of the total sweetening ingredients 
when used in eanned fruits and vegetables» The aiost usual proportions for 
dextrose are gi-ron in Table 22# It will be noted that, while Federal 
food and drug standards for certain caimed fjruits (peaches, apricots, pears, 
cherries, and fruit cocktail) allow dextrose to be used up to one-third of 
total sweetener, oanners usually preferred to hold the proportion of this 
sweetener to 20 percent« Such a limitation on the use of dextrose report- 
edly was for 1die purpose of preventing cara^lization when high cooking 
temperatures were used and avoiding crystallization during cold weather 
and refrigeration« The highest percentages of sweetener comprised of 
dextrose were found to be used by the cenners of citrus segments and Juicee« 
Meoiy citrus oanners were using half dextrose and half sugar, while a few 
reported using 100^ dextrose« The flavor of H«>st canned citrus products 
is characteristically bland« Use of dextrose as a fairly large proportion 
of total sweetener is believed by many citrus oanners to detract less from 
the natural fruit flavors« This viewpoint was commonly expressed in both 
California and Florida« 

Table 22 - Most Usual percentages of Total Sweetener Reportedly 
Composed of Dextrose 

F^ruits and Vegetables and 
Berries Percent Other Items Percent 

Peaches 20 Com 25 
Plumbs 20 Sweet Potatoes 25 
Pears 20 Peas 25 
Apricots 20 Succotash 15 
Cherries 20 Beets 20 
Fruit Cocktail 20 Beans and Tomato 
Raspberries 25 Sauce 20 
Citrus Segments 50 Green Beans 15 
Citrus Juice 60 Pork and Beans 

Catsup and Chili 
25 

Sauce 25 
Spaghetti Sauce 20 
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AdTantages &nd Plsadvgaitageg of IFsing Dextrose 

The majority of carmers using dextrose stated that irtienever not more 
than 20 to 25 percent of total sweetener ime dextrose, there were no 
significant differences in color, texture, or flavor of the canned product^ 
as oompared with an all-sugar fonmla.  The principal characteristic of 
dextrose vfeich makes it popular with camiers WKS said to be its ability 
to laaintain the desired percœtage of solids in the sirup, irtiile at the 
same time effecting a reduction in total sweetness "ttiat enhances the 
natural flavors of soïi^ canned products^ This was reported to be espe- 
cially true in the case of fruits having a delicate flavor» 

The greater osmotic pressure of dextrose solutions, in coscjarison 
with sugar solution of equal density or concentration, persiits a sK>re 
rapid entrance of this sweetener into the pores of the fruit« This laore 
rapid exchange of sweetener for the natural juice of the fruit was said 
to aid in preserving good color and texture. Opinion was about equally 
divided with respect to the net effect on costs resulting from use of 
dextrose as a portion of the sweetening agent« Some oanners believed 
that the price differential under sugar permitted a reduction, others 
maintained that because it was necessary to use larger aiaounts of dex- 
trose to compensate for its lesser degree of sweetness, œtd because of 
additional in-plant costs of handling two sweeteners, costs were not 
materially lowered and might even be higher« Those who reported that the 
use of dextrose as a portion of total sweetener enabled them to reduce 
costs ordinarily were those who substituted dextrose for sugar po\md for 
pound rather then using sufficient additional dextrose to compensate 
fully for its lower sweetening value* 

Â few oanners objected to dextrose because they believed Federal 
food and drug standards required that it be declared on the labels of 
canned fruits and vegetables« (Such label declaration is not required«) 
Others claimed to see no cost-saving possibilities in using dextrose or 
did not want to be required to handle two sweeteners« 

Some caainers mentioned adverse reactions which they believed resulted 
from use of dextrose« Principal reasons given were that it lacked the 
desired degree of sweetness, it imparted a bitter flavor to the product, 
it caramelized at high-cooking temperatures, and crystallized when the 
finished product was refrigerated or subjected to cold weather« Most 
exponents of dextrose argued that the foregoing results are likely to be 
obtained only if dextrose is used as too large a percentage of total 
sweetener« They maintained further that such results are minimizad 
or non-existent when dextrose is used in amoimts usually recommended by 
food technologists and dextrose manufacturers« 

The surveys disclosed that canners ware in disagreement over the 
effect which dextrose has on the pigments in canned fruit« Some believed 
that it had a tendency to darken natural colors, particularly the red 
pigments, while others felt that it did just the opposite« For instance. 
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a few carmers 11*10 used all dextrose in sYreetening grapefruit segments 
believed that it aided in holding the "whiteness of this fruit for a 
longer period of shelf life than all sugar, while approximately an equal 
number felt that 100 percent dextrose darkened the grapefruits 

Use of Com Sirup in Canned Goods 

Proportion of Caamers Using Com Sirup - Canners make relatively little 
use of oom siïnaps in their products«    Pood and Dirug Administration 
standards do not permit the use of com sirups or com sirup solids in 
processing the canned vegetables to which present regulations apply. 
In canning fruit, com sirups were reported being used as a portion of 
the sweetffliing ingredients in relatively few cases.    Others reported 
their use only during the war rationing period. 

Advantages and Disadvantages of Using Com Sirup - Federal food and drug 
regulations  stipulate that com sirup may be used in canned fruits only 
in combination with sugar, or with sugar and dextarose, and restrict the 
proportion of oom sirup to not more than 25 percent of total sweetener. 
The Federal regulations also prohibit the use of com sirup in canned 
fmits when fruit juice is the only liquid ingredient»    When used in 
coïïibination with sugar and in proportions not exceeding 20 to 25 percent 
of total sweetener, com  sirups were reported to have advantages  similar 
and equal to dextrose in bringing out natural flavors through reduction 
of sweetness and maintenance of the desired texture or color of the fruits. 

Some carmers had the same objections to com sirup that other food 
processors expressed, namely, its lack of sweetness in  conçarison with 
sugar and its tendency to impart an off-flavor to canned products when 
it is used in more than relatively small amotmts.    However, others who 
had experimented or were currently using the high-conversion type of corn 
sirups did not believe such objection to be valid.    In smaller operations 
for which a distribution system for circulating sirups throughout the 
plant had not been provided,  the in-plant handling difficulties accom- 
panying the use of com sirup delivered in drums were reported to be a 
major barrier to its use. 

ComiîM9rcial use of packs put up in 100 percent high-conversion com 
sirups is prohibited by Federal Food and Drug regulations.    However, a 
few plants in the fruit-producing areas of California indicated that 
experimental packs canned in 100 percent high-conversion com sirup 
retained a natural fruit flavor superior to that of packs made with all 
sugar, sugar combined with dextrose, or sugar combined with com sirup» 
Canners who made these experimental packs felt that this was especially 
convincing in the case of fruits processing delicate and more readily 
changeable flavors,  such as pears. 
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THE PRESERVING INDUSTRY 

Purpose of ^metener in Preserved It€fflis - Preservers ■ iteaM dis- 
cussed in this section inclxide jams, jellies, preserves, marmalades, 
frait spreads and fruit butteo^s« In the manufacture of all these products 
it is necessaiy to u^ sweeteœirs for control of flavor, texture, fermenta- 
tion and specific gravity» The piBserving process is essentially one of 
farcing sugar into the fruit and niater out of it« §M In Idais process, tiie 
inversion of saae of the sugar, which is a imtural restât of heating the 
sucrose in the presence of fruit acids is important for the prevention of 
crystallization« (bfoirth of bacteria and yeast is inhibited in a medium 
whex^ ttie aigar concentration is above 6$%i  therefore, if tte sugar content 
inside the fruit is raised to that point or above, the preserved product 
Tiill teep indefinitely withoiit spoiling 0^ 

Sweeteners ai:^ used in preserves not only to prevent fermentation 
and spoilage, but also to equsüze the specific gravity of the fruit and 
the liquid medium surrounding the fruit, so that an even distribution 
within the preserves wiU result« If, for asaaple, a 6ñ%  sugar solution 
which has a specific gravity of around 1#3 is processed with fruit con- 
taining a natural fruit jxiice of a specific gnavity of around 1«1, 
penetration of sugar into the fruit is essential in order to equalize the 
specific gravity and prevent the fruit from clustering at the tops of the 
containers» Sucrose solutions having a solids content of around 6$% are stable 
at room te^erature, but, when opened for consumption, surface evaporation 
frequently raises the sugar <K>ncentration sufficiently above 65^, to cause 
crystallization of the sugar« Some inversion of the sucrose is desirable 
to prevent crystallization in the product« Mm^eover, sugar sirup which 
has been partly inverted has a greater osmotic pressure and tends to enter 
the pores of the fruit mere readily« 

Use of Sweeteners in »Pure» Preserved Products - When jams, jellies, 
preserves or fruit butters BLCB made to comply with Federal food and drug 
standards relating thereto they ai^ referred to in the industry as "pure" 
products in contrast to those known as »imitation** products wherein the 
quality of fruit, proportion of sweeteners used and other factors do not 
necessarily conform with the Federal food standards« Pure jams, jellies 
and preserves, as well as marmalades, fruit butters, and fruit spreads 
^reccabined for discussion in tMs report under the heading of »pure" 
products« A brief separate discussion follows covering the role of 
sweeteners in making imitation jams, jellies and preserves« 

Amounts of Sweeteners Used in Pure Products ^ Federal food and drug 
regulations specify that the amenant of sweetener used in pure jamis, jellies, 

^   Meschter, E, C« Jam and Jelly Making,in Food Industries, June \9k9 
p. 67« 
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and preserres cannot exceed 55 parts of sireetener to W parts of fruit# 
Approxi^îately 9l^  of the pre servers^ contacted, reported using the maximuBi 
ssnG^int of sweeten^:* permitted by the Federal regulations» A relatively 
small percentage of the group reported normal use of a 50-50 sugar^fnait 
ratio because they considered 1iie se proportions resulted in extra hi^ 
quality products most nearly resembling hcmemade items« Ifarmalades are 
not at present included under Federal food and drug regulations» The 
usual ccmbination of sweetener and fruit for marmalades was said to be 
6S%  sweetener and 3556 fruit« The relationship between the price of fruit 
and price of supor plays an important j^rt in determining the amounts of 
total sweetener used. For example, iriien fruit is cheap the mijiijium inquire- 
ment of hB%  fruit may be increased to 50 or enien to 60 percent in the case 
of certain fruits* Cta the other haad^ as the price of fruit advances in 
relation to the price of suptr, manufacturers wiH tend to cling to the 
maximum aaiEOunt of sweetener in relation to fruit pse^itted tmder law» 

Types of Sweeteners Used in Pure Products - Competition between 
sweeteners in producing pure jams, jellies, and preserves coisists 
essentially of choosing the optional sweetening ingredient, or combination 
of them permitted under Federal or Stete law, which wiH replace water 
in the fruits being preserved at the least cost con]mensi]rate with the 
desired quality and type of market for idiich the product is destined* 
State requirements usually follow Federal food requirements fairl^f closely 
with respect to type of sweetener* permitted* The latter permit use of 
sugar, and either dextrose or corn sirup in combination with aigar, or 
cominations of sugar, dextrose and corn sirup* There is no limitation 
on the percmitage of dextrose which may be used, except that it be used 
"in combination with sugar*** However, use of corn sirup is limited to 
not more than half of total sweetener* Label identifications of aU 
sweeteners are required when corn sirup is uœd* Corn sirup solids are 
not permitted in pure fruit preserves, jams and jellies* ^/ 

Use of Sugar as the Sole Sweetener in Pure Preserved Items - Insofar 
as preferences in the use of sweetener are concerned, preservers are divided 
into two groups! In one group ai^ those 1*0 believe that quality preserved 
items can best be made with 100JÊ sugarj in the other are those iiáio believe 
just as firmly that the addition of dextrose or corn sirup up to a quarter 
or a third of total sweetener requirement produces a product equal to tiiat 
made with 2Û.1 sugar* Nearly 70$ of all preservers interviewed throughout 
the country in connection witti this study beloaged to the former group* 
The reasons given in favor of the exèlusive use of sugar were based on 
the belief that this makes high quality preserves* According to this 
group, preserves of a better texture, with flavors and colors that are 
more natural, can be produced when 10^ sugar is used* 

65/ See above, ppb8& to 94î for fuU discussion of the impact of 
Federal and State regulations on use of sweeteners in preserved products* 
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They also stated that less trouble is encountered indth crystallization 
or stickiness» Several firms stated that their use of sugar as the 
exclusive sweetener was based on long established custcms» Such practice 
was also attributed to lack of facilities for experimentation with other 
sweeteners» A considerable number, particularly the larger plants, also 
indicated a preference for the use of sugar only believing that the possi- 
bility of errors in handling naterials in the plant would thus be reduced/ 
Furthermore, the all-sugar p'oup pointed out that stora^ and handling 
costs would be increased if more than one sweetener was used in their 
formulas* 

Preservers ordinarily use highly refined sugar» However, a few reported 
the use of direct-consumption raw types in the darker colored products» 
The Food and Drug Adïiinistration has not specifically ruled against the use 
of these types, so long as they reasonably approach the standard of quality 
of refined sugar» In areas where it was available, beet sugar was quite 
popular among preservers» Approximately one-third of the preservers inter- 
viewed in the West and North Central regions were using no cane sugar» 
The chief reason given for the use of beet sugar was the price differential. 
The greater availability of cane si gar in the specialty grades is not 
important apparently in influencing a preserver* s choice of sugar, because 
he needs relatively few grades» (See oh^ter on confectionery)» 

Liquid sugar is not very popular among preservers as only 6%  of the 
firms interviewed reported using it» The lack of popularity of this 
prodact is due to its water content, since there is difficulty in evaporat- 
ing excess water without over-cooking or discoloring the fruits» No firms 
using open kettle types of cookers had found liquid sugar suitable. The 
few manufacturers 7Ö10 used liquid sugar stated they liked it chiefly be- 
cause of the convenience it offered as a medium for supplying the desired 
degree of inversion» Generally, liquid sugar was utilized only in connection 
with jams or jellies, where the further maceration of fmiits, resulting 
from extension of cooking time or higher temperatures, was not a problem 
or where vacuum pan cookers were in use» 

Invert sugar also was not popular with preservers who stated that on 
a dry basis invert sugar was more expensive than either sucrose or the 
corn sweeteners» They felt that the desired amount of inversion was usually 
obtained effectively during the cooking process at relatively little 
expense by adding an inverting agent» 

Combination of Sugar and Corn Sreeteners in Making Preserves - Almost 
one-third of the preservers surveyed throughout the country reported 
favoring the use of corn sweeteners in combination with sugar» This group 
maintained that from a quarter to a third of the total sweetener could 
consist of one of the corn sweeteners, not only without altering the quality 
of jams, jellies, preserves, marmalades and fruit butters, but in some 
instances to improve flavor, color, and palatability» 

Combination of Sugar and Dextrose - In I9Í18, dextrose was used either 
in combination with sugar alone or with both mgar  and corn sirup by 
nearly one fourth of all preservers interviewed» An additional one third 
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reported the use of dextrose daring the war^ bat these reverted to 100 
percent sugar by the time of this survey» 

Manufacturers using dextrose in preservers' items never reported 
utilizing it for more than a third of total sweetener, except during the 
war rationing period when the amount used occasionally rangsd up to one 
half* The principal problem to be reckoned with in using dextrose is its 
tendency'to crystalliae out whenever preservers* products are subjected to 
cold climates or to refrigeration after the containers have been opened* 
(As explained above, dextrose is mo3re ^luble than su^r at high tCTiperatureSj 
but less soluble at low tenperatures*) O^íinions concerning the point below 
which this danger is negligible varied scmewhat among the firms surveyed, 
but generally ran^d in the vicinity of 20 to 25 percent of total sweetener* 
about half of the preservers who used dextrose in combination with sugar 
preferred to limit it to 20^ of total sweetener, iñíhile another quarter of    ^ 
them preferred to use as much as 2$%.   k few firms reported that they con- 
sidered 33if a safe proportion* Preservers who had used dextrose during 
the war in amounts equal to one-half the total sweetener reported that 
this made their preserves sticky and lacking in flavor* When dextrose had 
been used in amounts approaching 100^ of total sweetener, the end product 
was reported to have become practically a crystalline mass* 

The predominating argument for using dextrose in making jams, jellies 
and preserves was based on its ability to reduce s^reetness while maintain- 
ing the desired percentage of solids and body of the product* Prom a 
quarter to a third of all preservers who used dextrose reported that it was 
desired principally in order to lessen the tendency of preserved produits 
to be excessively sweet, thereby permitting natural fruit flavors to be 
more easily identified and enjoyed* 

The second most frequently advanced reason given for using dextrose 
was the price differential under sugar* Since the cost of sweetener is 
a major factor in the manufacture of such processed food, as jams, jellies, 
and preserves, many of the preservers believe they have found that the use 
of corn sweeteners in moderate amounts peimitted a lowering of their pro- 
duction costs without any noticeable effect on quality* The differential 
in price between sugar and corn sweeteners frequently determined whether 
all sugar would be used, or sugar in combiaation with one or more of the 
corn sweeteners* The price differential was considered important also, 
and in determining whettfâr the cut-out point for corn sweeteners would be 
at 20^ to 2$%  or as high as 33^ of the total sweetener. The fact that 
dextrose need not be named on the label was another reason frequently 
mentioned in support of its popularity* 

Those who had done laboratory research with combinations of sugar 
and dextrose usually felt that a combination of the two sv/eeteners entered 
the pores of the fruit more readily and gave the product a better color 
and texture* Dextrose, rather than corn sirup, was found to be more 
ccsmmonly used with sugar because (a) being in granular form, it was easier 
to use with sugar; (b) it does not add excessive moisture to the batch to 
be subsequently evaporatedj (c) in smaH lots it is much easier to handle 
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and store than corn sirupj and (d) it is not associated in the minds of 
the consumer mth imitation jams and jellies as are tte corn sinçs* 
Preservers irho did not favor the use of dextrose objected to it because 
of a feeling that its use in amounts sufficient to warrant the extra 
trouble and expense of handling two different sweeteners lowered the 
quality of the productV   In addition to crystallization at low temperati:^es 
when excessive dextrose was used, objections mentioned by preservers 
included complaints relating to off-flavors and the tendency for the 
texture of the products to becane too sticky« 

Combination of Sugar and Com Sirup - The use of corn sirup, in 
cominatLon with sugar or in combination   with a mixture of sugar and 
dextrose, was reported by only a very mall number {Bmk%) of the pre- 
serving firms interviewed*    Three-fourths of the firms using a ccmibina- 
tion of sugar and corn sirups reported using the latter as 20^ of the 
total sweetener*   Most of the pres^nrers using corn sirup in these amounts 
reported that tiie quality of products resulting therefrom was, in their 
estimation, equal to products made with sugar and dextrose in combination, 
or with sugar as tte sole sweetening agent»    During the period of scarce 
sugar supplies, a much larger proportion of the preservers used corn sirup, 
and the proportion of total sweetener represented by com sirup often 
was higher than that liiich the trade usually considers desirable. 
Occasionally corn sirup constituted the sole sweetener used*    This TOIS 
particularly true of the small wartiiae operator who entered the preserv- 
ing field during this period*    Firms iriiich found it necessary to use 
larger amounts (33 to ^0% or more) of corn sirup as a replacement for 
sug^r reported that their products lacked sweetness, that their natural 
flavors were masked by the heavy dextrine contents of the corn sirups 
^:ri that the body and texture of products were often gummy or sticky 
in comparison with those manufactured with higher sugar ratios under 
peacetime conditicns* 

Corn sirup was being used for several purposes, two of the more 
important af which being to cut production costs and reduce sweetness* 
Corn sirflp was said to have an additional advant^e which is not possess- 
ed by dextrosej namely, no problems of crystallisation are encountered 
when corn sirup Is used*    Several research institutions and a few pre- 
servmg firms have experimented successfully with a combination of sugar, 
dextrose and corn sirup*    Such a combination was reported to be economical 
and to ^ve the desired physical characteristics imparted by corn 
sweeteners without adversely affecting quality*    These firms also indicat- 
ed that the cJial use of the two corn sweeteners with sugar achieved 
longer preservation of fruit colors (particularly the red pigments), 
prolonged shelf life of products, and added a gloss or sheen to the fruit 
which appeals to the buying public.    Reasons given for mt using corn 
sirup iMluded the belief that the extra cooking time required to 
evaporate excess moisture supplied by com sirup resulted in a degree 
of caramelization which spoiled the natural flavor of the product*   Lack 
of sweetness in the product was another objectionable feature frequently 
reported, thougji-some firms believed the cut-down in sweetness resulting 
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fïx>a the use of corn sirups or other corn sweetexiers actually brought 
out the natural fruit flavors more prominently than iihen only sugar was 
used*   in occasional preserver indicated that fermentaiáon was tiot as 
effectirely controlled when corn simps were used with the sugar, 
attributing this to the belief that the dextrine s in corn sirup are 
slower to penetrate the fruit membrariugs*   The requirement that the 
presence of corn sirup in préserveras products be declared on the label 
was reported to be arK>ther barrio? to its use# ^1^ 

High conversion corn sirups were used by only a small segment cf 
the preservers interviewed«    The principal argojaent advanoed in 
favor of these sirups, in ccmparison with regular conversion com sirup, 
is additional sweetness, which peiMts replacing $ to 10^ more of total 
sweetener caitent th€ai is possible when using regular conversion sirup» 
Most preservers indicated that they did not consider the high conversioa 
com sirups sufficiently superior to regular conversion sirups to be worth 
the additional price»    Some of   them objected to the lower dextrine con- 
tent of the hi^ conviKTsion sirup irtiich made it too thin for proviiüng the 
desired coïisistency» 

Regional Differences in Sweetener Use in Pure Preserved Products - 
The pattern of sweetener usage in pure preserved items varies considerably 
in different sections of the united States«    Kie concept of making a 
hi# qulaity jam, jelly, preserve, fruit butter or marmalade with sugar 
alone as the sweetening agent is somewhat more entrenched in the Mddle 
Atlantic States, particularly in the New Tork-Newarlc area, than elseirtiere« 
However, three out of four preservers ccntacted in the North Central States 
and in the West reported using all sipir*    Usage of corn sweeteners in 
these products was more widespread in the South and in New England than 
elsewhere»   In lliese aereas frcaa 1|,0 to )^ percent of the preservers report- 
ed using a coffibüíation of sugar and com sweeteners♦   Preservers in tíie 
South using corn sweeteners usually combined dextrose with sugar, while 
in New England the most popular combination was sugar and corn sirup» 
(See table 23)• 

The relative popubrity of com sirup with preservers in New England 
cannot be explained by more favorable price relationships in that area 
because corn sirup is priced in such a manner as to make it cheaper 
relative to sugar in the Norüi Central area and not in New Etagland#   And 
since the differential between sugar and derbrose is fairly uniform 
throughout the United States, the greater usage of dextrose in the South 
caniK>t be due to price relationships betireen sweeteners which are more 

66/   Preservers who favor use of corn sweeteners in preserved items 
currexrtly are attempting to get Federal food and drug standards revised 
to parait use of corn sirup up to 2$$ of the total sweetener without 
label declaration« 

1954135 O—51—11 



Table 23* - Use of varioiis sweetenara In «^pure" preservesj jamesj and jelliesj by areáj 19li8i 

¡percentage of total plants interviewed using each sweetener 

Type of Sweetener 
Used N9W England     Middle Atlantic     North Central South West United States 

Refined Granulated 
Sugar 

Liquid Sugar 

8U.6 86.7 

13.3 

93.8 

6.2 

100,0 

5.0 

100.0 

2/   0.0 

93.1 

8.3 

Total Using Seme 
Form of Sugar 

Total Using Only 
Sugar as the 
sweetening agent 

100,0 

61,5 

100.0 

80,0 

100.0 

75.0 

100.0 

55.0 

100.0 

75.0 

100.0 

68.0 

1 
l'- 
en 

1 

Dextrose with sugar 

Corn sirup with sugar 

Dextrose and Corn sirup 
with sugar 

7.7 

23,1 

7.7 

20.0 

0.0 

0.0 

18.8 

6.2 

0.0 

Uo.o 

5.0 

0.0 

25.0 

0.0 

0.0 

23.6 

7.0 

Lit 

Total using corn 
sweeteners idth sugar 38.5 20.0 25.0 li5.o 25.0 32.0 

3/ liquid used idth dry granulated« 
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favorable to dextrose in that re^on than in others* SZ/ 

Regional differences in the extent to liiich corn sweeteners are 
need in the preserving industry ^pear tobe associated more with 
variations in intensity of coupetition than to aiqr other sfpecific factor» 
Ihe greater concentration in New Ireland and the South of fLnas using 
corn sweetener is related in part to the saaaller volume of business done 
by the average preserver in this area^ lAere their products aust coiiçete 
price-wise in local s^rkets with nationally known brands aanufactured in 
such areas as Hew Torkj Philadelphia or San Francisco by large COTsiercial 
preservers, whose voluae business will better support the cost of using 
100%  sugar« 

Amounts of Sweeteners Used in Imitation Products 

fotal Sweetengr Content - As shown in Table 21;, the producers of 
baker^s fiHingSj ^^ spreads> and imtation jams, jellies, and preserves 
used from 28 to 70 percent total sweetener in these products» In the 
iad-tatlon jaow, jellies, and preserves category, the most cOTmon sweetener 
content was found to be about $5 percent sweetener to U5 percent finiit 
or other ingredients» This is equal to the ratio used in pure products^ 
A saiâller number of firms used 60 and ^percent sweetener in their 
Jjaitation products» In fillings and spreads, the total sweetener ccaatent 
varied t<K> widely by types of product and by manufacturer to allcwr any 
specific conclusiiH^ to be drawn» 

Sagar-Corn ftieétener Ratios - imong the imitation products manu- 
facturers interviei^d, regular corn sirup was being used by 100 percent 
of the companies in this group» This sweetener was utilized in raises 
rumiing from 5 to lOOJÍ of the total sweetener content, and its average 
use was generally frt» 60 to 705C» Itotrose and hx^ coBversion corn 
sirups were used very rarely in these products» 

Reasons for ffse of Com SweetenCTS - A sharp contrast is shown in 
the use of sweeteners in pure and imitation products» Of those companies 
i^pca^ting the manufacture of both categories, virtualLy aH used either 
10b$  su^r or 80j6 supir and 20;^ dextrose in their pure products, with 
none indicating the use of corn sirups» Approximately 9$%  of the firms 
surveyed reports that one of the primary factors influencing them to 
use com sirup in their imitation products was their desire to Icwer 
costs» One-half of the conpanies stated that they felt that corn sirup 

67/ See above pp, 62-98 section on price relationships» 

68/ SoBfê preservers interviewed manufactured pure preserves, jama, 
and je1jJ.es for sale to bakersj ttese products are not considered in 
this i^cticaa» 
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Table 2U» - Total Sweetener Gonteat in Imitation Products 

 Percent of Sweetener Used 

iBiitetion Product 

Preserves, jams, 
and jellies 

K.llings J/ 

Spreads 

Hi^ Low Average 

65 55 56 

70 28 - 

65 25 - 

1/   Rfuit and doughnut fillings 
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gave better body, consistency, and texture, while more than one-tíaird 
stated a preference for corn sirup because it reduced sweetness« 
Another reason mentioned frequently was the non-crystallizing character- 
istic of corn sirupj as compared princip^ly with dextrose«    The use of 
corn sirup to give gloss to the product was also considered important• 
Nearly 20^ of the firms making both pure and imitation products stated 
that they would use regular corn sirup in their pure products if permitted 
to use it without declaration on the label» 
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FROZEN FRUITS 

^owfM of the Frozen Food Industry 

Wd^le the frosen foods industry is one of the youngest in the field 
of fooî proceasingj many of its prodijcts h^e achieved Mmense popularity 
with t)oth ^offiBercial users and household oonsuiaers»   Freezing has been 
fctaM to be by far the best way of {reserving the freshr^ssj natural 
flatfOTSj natural textures, and nutritional values in many iood products» S2/ 
In 1942, the frosen fruit pack iias only about five perçait as large as the 
öaimed fjmit pack, but in I9I48 was IÍ4 percent as large as the corned fruit 
pack«    The increase in frozen vegetables -was from three percent to approxi- 
^tely 13 percent♦ ^   The more iiaportant frozen fruit and frozen vegetable 
items are produced in much more significan.t Tolmae when caapared with their 
canned counterparts«    For instance, frozen berries averaged almost 2i times 
the cann^ pack for the period ISW-hßm    Frozen strawberries have exceeded 
in volume their canned counterpart in recuit years and are rK>w many times 
as great•    Frozen raspberries are amther fruit for which the amount frozen 
exceeds that Tsdiich is canned, while frozen red so^r pitted cherries have 
reached a point where they equal ground 75-^5 percent of canned production* 
Frozen concentrated citrus juice jumped in Florida alme from 560,{X» ^Uons 
In 19k6-'hl to 10,000,000 gallons in I9lß-'k9f and in 19it9 was almost equal 
to the total amount canmd^ T^ The rapid growto of the industry has made 
it ai important user of sweetener«    The use of sweeteners in the frozen 
food field is associated chiefly with the freezojig of fruits and berries| 
Tegßtables are generally frozen mth no sweetener added*    Therefore, üiis 
portion of the stady is confined to the use of optional sweeteners in the 
frcm^ing of fruits and berries, referred to below n^rely as frozen fimits* 

As pointed out in Ü*S.D. A •Miscellaneous Publication Ho, 588, fruits 
which are adapted to freezing are u^aUy divided into two classes, (a) 
aßaU fruits TdriLch csoi be prepared wi»le and irtdch consequently do not 
oxidize or (te,rken easily (i.e# strawberries, raspberries, blueberries, 
dewberries, loganberries, youngberries mid boysenberries); and (b) fruits 
lAich require pitting or peeling and irtiich are thereby subject to arid^- 
tion when tte cut Or pitted surfaces are exposed to the air (i.e. cherries. 

69/   U« S# Itept# Agr», FMA»   Instructions on Processing for Coimnunity 
Frozen-Food Iiocker Plants.   Misc. Pub. No. 588.   March 19l¿ (Rev. Aumst 
I9I18). p- 1. 

70/   U. S. Dept. Coa., Off. Hcmm Gem.   Appraisal of the Ccaapetitive 
Position of nrozen Fruits and Vegetables.    Industry iteporti    Canned Fruits 
and Vegetable s •    July 19k9m    p* tó» 

7i/   ^e footnote 69. 
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apricots, peaches, and apples») 

Fruit for freezing may be packed either ^ole, sLiced, chopped, 
or crushed*   Kßiile the form in iwhich fruit is packed does mt affect 
direct^ the amount of OT^eetening used, it does influcence tiie type of 
packing media, irtiich in turn, influences the kind of sweetener used» 

liry vs» Liquid Sweetening Media 

A frozen food packer may use either a dry or a liquid sweetening 
meditm.   A dry pack is made with all sugar or a   combination of sugar and 
dextrose while liquid packs are made with all sugar or a combination of 
sug^r and ccsrn sirup#    The choice between a liquid and a diy pack depends 
primarily on the amoint of »bleeding^ which occurs from preparing the 
fruit    for processing*   A dry packing mecSlum is preferred for fruits, the 
juices of which bleed excessively, such as sliced strawberries»   TShan a 
liquid medium is used with fruits of tiiis type, the bleeding of the juices 
into the processing sirup is ^t to s^ke the packing medium too wateiy or 
thin*    In proposed food standards for frozen fruits, the use of light or 
medium density sirups would be prohibited in fruits Töiich bleed excessively» 

In tiie freesing of fruits it is necessary for the sweetening sßterial, 
whether dry or liquid in type, to mix thorougiily with and to coat the sur- 
face of the fruits before freezing logins, if it is to constitute a pro- 
tection against oxidation, shrinkage, and fermentation»   Kftien a dry sweetell- 
er is used, the fruit is subjected to some shrinkage during the early stages 
of freezing»    The dry su^r or dextrose draws out the natural juices in 
the fruit ceUs faster than the f ruit absorbs the sirup created by mixture 
of tiie juices and the dry lacking msditim»   Recovery in wei^t lost as a 
re^xlt of this shrinkage is a slow process, and frequently tiie original 
wei^t of the uiiç>rocessed fruit is never quite reached»    Also, many packers 
reported that i*ian dry sweeteners are used, the fruit flesh and sfeins fail 
to recover their original tenderness entirely, and remain sll^tly tougher 
and not as palatable as when the fruit has been processed with a liquid 
sweetener« 

With a sirup pack, indiere the sweetening medium is already in sirup 
form before "teing incorporated with the raw product, âH the surfaces of 
the fruit are immediately coated, and the sweetening medium becomes 
instantly available to the fxniit cells in exchange for their own nature 
fruit juices without awaiting further dissolution»    llius, since the pores 
of the fTO.it are sealed from the air more quickly, liquid packs are more 
effective than dry sweeteners in the control of oxidation»   Also, the 
siarup becooss instantly available for absorption by the cells of the fruit 
in exchange fer the natural fruit juices and no shrinkage of fruit occurs» 
In fact, use of a liquid sweetener generally causes an increase in the 
drained weight of the fruit» 
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'Dr& Joslyn and otheraat the University of California report thats 
"The use of sirup has the following advantages! 

Im   Air discoloration is reduced to a mnimuBi« 

2*    The sirup is more convenient than the sugar, especially if 
tJie latter is to be distributed uniformly throu^out the mass 
of fruit* 

3«    Biere is less damage to the fruit during tte addition of sirup 
than during the addition of sugar* 

k^   A Biore uniform and attractive pack is obtained as tiiere is 
little or no change In fruit volume by loss of water from 
the fruit, and there is no settling of the fruit in the 
container as occurs in the sugar pack* 

$. The sirup is a better aid to preservation daring freeaing 
than the sugar* It can be chilled before use and acts as 
a precoèHïig agent* 

6*    The texture of the thawed fimt is betti^* 

7*    The siiup pack is applicable to all fruits^72/ 

Largely because of the above natural advantages of liquid packs, tfaey 
are somewhat more popular with fro2^en fruit processors than dry packs* 
ApprôxiBHtely 60% of all the frozen food processors interviewed indicated 
a preference for liquid packs whenever the end-use of the product wmld 
permit it*    Liquid packs are most popular for frozen fruits inteiKled for 
ice cream, desserts packaged for direct consumption and other products in 
which the additional water in the packing sirup does not constitute a 
processing problem*    On the other hand, a liquid packing medium was reported 
to be less popular than the dry sweeteners for frozen fruit intended for 
pies and other baker*s products, or for packs subsequently to be processed 
into preserves, jams or jellies, because of theex:tra cooking required to 
eliminate surplus water in sirup packs*   îïîis extra cooking time was report- 
ed to result occasionally in discoloration of the fruit pipients or objection- 
able breakdowEus in cellular structure•    Other disadvantages of the liquid 
packs include the expense involved in trasporting the water contained in 
sweeteners in the sirup form and the cost of evaporating this water* 

FrozBTi food processors indicated that a big advantage of dry sweetened 

72/   Joslyn, M» A* and Hohl, Leonora A*    !Rie Commercial Ereezii^ of 
Fruit Products,        Cal* Agr» Exp. Sta* Bui* No» 703*    January I9I48, p* 22* 
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packs is their general adaptability to any sort of coimnercial or house- 
hold end"i*use# For this reason, nany smaller firms specializing in only 
one type of pack generally preferred to use dry sweeteners. Furthermore, 
the greater the tendency for natural fruit juices to bleed into the pack- 
ing media as a result of the slicing, chopping or crushing of the fruit, 
the greater the preference for diy Sweetening media to absorb the extra 
liquid and prevent the pack from being too watery or thin -«hen thawed* 

Fruit to Sweetener Ratios in Frozen Fruits 

The ratio of fruit to sweetener iiaed in processing frozen fruit 
varies considerably, d^ending largely ipon the acidity of the fruit, the 
commercial or household end-use to li^iCi the product will be put, and the 
individual preferences of the packer ana ouston^r regarding the desired 
degree of sweetness. Strong acid fruits ustially require more sweetener 
than those which are low in acidity. Saaller amounts of sweeteners are 
used in freezing bland flavored fruits, such as pears or apricots, where 
excessive sweeteners could easily mask the more delicate natural flavors. 
Hhen the frxxits are frozen for use in food products to which the user wiLL 
add additional sweetening, such as sliced frozen apples or peaches packed 
for use in bakers' pies, the su^r ratios used are likely to be compara- 
tively low. This is in order to allow these ussrs more leeway in flavor- 
ing their products to taste. Ratios of 5 to 7 parts of fruit to one part 
of sweetener are most ccmmon for this type of product. On the other hand, 
fruit intended for use in ice creaja, commercial pre served items, desserts 
packed for use in household consuiaption, or other products, destined for 
direct use in the home, usually are packed at a ratio of three or four 
parts of fruit to one part of sweetener. Bae proposed Federal food stand- 
ards for frozen fruits are not specific with regard to the ratios of fruit 
to sweetener in dry-packs. 73/ In the case of liquid packs, however, they 
specify the maximum amounts of sirup which can be used in relation to the 
combined weights of fruit ingredient and packing medium. These range 
from around 2^ to 3356 sirup in relation to the total weight of the pack. 
In terais of fruit-to-sweetener ratios, such a limitation on the permiss- 
ible wei^t of the sirup would mean fron two to three parts fruit to one 
part of sweetener. However, in actual commercial practice, members of 
this industry tend to use considerably less sweetener in relation to fruit 
than the proposed standards would permit them to use. The standards would, 
of course, represent legal limits rather than norms used in high-quality 
merchandise. 

A canner or preserver was found to be fairly consistent with respect 
to the kinds and proportions of sweeteners used in a ^ven line of goods. 
Since the major portion of a canneras or preserver's volume of production 
is produced for sale to household consumers under established brand riames, 
.it is necessary that he maintain a relatively high degree of uniformity 
in his product. On the other hand, the greater part of a frozen fruit 
processor's volume goes into commercial channels for preparation of many 

73/ See above, ch. 3  p. &l  for detailed discussion of 
proposed Food and Drug standards for frozen fruits. 



-160 - 

tyï^s of food prodhicts«   Most packers are constantly accepting iniiTidual 
orders from food prcxî es sors making a wide variety of products ^ such as 
bakers* pies, ice creaBij or preserreai'S* products«   Each of these orders 
constitutes an expression of a custcaaer's request for a certain ftndt to 
sweetener ratio, his preference for a dry or liquid pack, mid Ma preference 
for a specific kind or combimtion of sweeteners*    CQnse<3piently5 an iiKii- 
Tidual frozen fruit processor uses a considerable nimäDer of liiese ratios, 
in both drj and   liquid packs, and, in the case of liquid packs, a number 
of siri:ips covering a wide range in density»   Variations in the finiit to^ 
sweetener ratio reported by frozen fruit processors surveyed in connection 
with lilis study are arranged by types of fruits in Tables 2^ and 26 below* 

Choice of Sweetening Agents 

All Sugar - In processing frozen fruits, sugar is by far the most 
popular of all sweetening ingredients*    Eveiy packer ajitei^viewed reported 
using it in some form, and nine out of 10 of them stated that they used 
it as tiieir sole sireetening inp'edient*    There seemed to be little, if 
any, difference in the aoceptability of cane and beet ^gar by frosen fruit 
packers.    Approximately 13^ expressed a preference for liqm.d sugar»    31ie 
poriLncipal reasons given for pr herring liqm-d sugar were ease of handling, 
saving of storage space and reduction in labor costs»    If these adv^itages, 
plus the düLscount at Tôiich liquid sugar sells, appealed sufficient to oit- 
wei#i the disadvantages of paying freist charges for water on rail ship- 
ments and tiie installation e3q)ense of Uquid handling facilities^ a packer 
w^ favorable toward liquid su^r*    This product appeared attractive only 
to those using l^gely or entirely a liquid packing mediim*    A medium- 
invert type of liquid sugar generally was used.    Use of a fartial3y inverted 
type of liquid su^r or inversion of a part of the sugar during the cooking 
process was said to be especiaaiy useful in tenderizing the skins of such 
fruits as cherries and peaches and for r©feeing bacterial action in the 
packs.    Hesearch conducted at the university of California indicated tlmt 
off-flavors were developed in seme fimits, especially whCT. the degi^e of 
inversion was above 50 percent.    7^ 

ü'ozen fmit packers intei^ewed ^o used sugar BB the sole sweeten- 
ing agent reported that they were primarily concerned with ^?reetness rather 
than with ottier chemical or physical properties which sweeteners contribute 
to the finished proAict.    Because of sugar's greater sweetness in compari- 
son with dextrose and corn sirup, packers considered sugar to be 1B ss 
e^ensive per unit of sweetness than corn sweeteners.    A second reason 
given by packers for toe predominant preference for all sugar is ttmt 

Th/   Joslyn, M. A. and Hchl,    Leonora A., Op. cit. p. 2iî.« 



Table 25 - Fruit to sweetener ratios and sirup densities in froasen fruits* 
Reported by 31 Processors of frozen fruits, by type of fruit 
and type of pack^'19li8<,''      ' ' ;    " , ' ' . 

Loif^ 
Range of Ratios and Densities 

TSiT 
Dry Pack Xïquia Pack Î7™ Dry Pack Liquid Pa< !k 1/ 

Type of 
Froaen Fruit 

Part 
Fruit to 

Part 
Sweetener 

Sirup in 
' Degrees Brix 

Part 
Fruit to 

Part 
Sweetener 

Sirup in 
Degrees Brix 

Sliced apples 7 1 ■ 2$ 3 1 60 

Strawberries 5 1 Uo 2 .1 65 

Cherries, RSP 5 • ^ 1 uo 2: ■"S 65 

Peaches 7 1 30 A 65 
f 

PI vims and Prunes S ■ 1 ■ UO 1 70 
H* 

Pears S 1 30 2 1 70 1 

Apricots 5 1 20 3 1 70 

Blackberries U 1 2 1 66 

Raspberries ■-■■ S 1 2 
■ •^■,  ■ 

68 

Blaeberries 6 ■. '1 ,, • 3' ., :■ . , , i'  , .  65 

Boysenberries ' 5 ■' 1 :. 2 ■' '■•1 ' ,'' '. 

1/ Packs put up with a liquid sweetener customarily utilise the same proportion between fruit 
and sweetener, as. is indicated for ;a dry pack of the same fruit* The percent of total solids in the, 
packing sirups, and ' shown here'under is ^determined , by the Brix hydrometar^ 

Soiirces''Surveysj/''REà'Project, a'üsc-13? 



Table 26* - F*ruit to sweetener Ratios aid sirup densities most preferred by principal 
end-tisersI    Reported by 31 processors of frozen fir^dts, by type of fruit 
and type of pack^ 19l|8 

] 3aker8 Ice-cream Mfrs, Pre servers Retail Domestic Packs 
Type of 
Frozen Fruit 

Dry 
Pack 

Liquid 
Pack 1/ 

Dry  Eiquid 
Pack  Pack 1/ 

Dry 
Pack 

Liquid 
Pack 1/ 

Dry 
Pack 

3-1 
U-1 

Liquid 
Packl/ 

Uo-50 Sliced apples 
7-1 
5-1 25 

Strawberries 
3-1 
U-1   50 

3-1 
U-1 50 

3-1 
U-1 
U-1 
5-1 
3-1 
U-1 
3-1 
U-1 

50 

50 

U5 

55 

Cherries, RSP 5-1 50 5-1 50 

Peaches 7-1 30 
U-1 
5-1   US 

3-1 
U^l U5 

55 Plums and Prunes U-1 

Fears U-1 U5 
3-1   
U-1 U5 

; 1 

Apricots 
3-1— 
U-1 U5 U-1 U5 

pa 

1 

Blackberries 
'■' 2-1 

3-1 67 
3-1 
U-1 50 

Piaspberries 6-1   liO 
' 3-r ■ " 
U-i 50 

3rr - 
U-1 

U-1 

50 

50 Blueberries 
6-1 
5-1 UO 

1/   Sirup in Ifegrees Brix»    Packs put up idth a liquid, sweetener customarily utilisie the sme 
proportion between fruit and sweetener as, is indicated for a dry pack of, the same fruit*,    The percent 
of total solids in the packing sirups and shomi hereunder is determined by the Brix hydroaeter^, 

Source;    Surveys, RJiA, Pro>.4.t RMsc-137 
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Table 27* •* Swaetaners or eOTbinâticms of sweeteners ^®ed 
by proceasora of froaen fruits tlgl^S 

Sweeteners or Ccaeibinationt Processors Reporting Use 
of Sweeteners 

100 percent sogar 

Sugar and dextrose 

Sugar and com sirup^ 

Total ñfocessors 

Number P«rc«it 

28 90 

2 7 

1 3 

31 100 

1/ ELgh conyersion com sirup 
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orystallizâtion probloias are not so pronouiKsed as when a coBÚbiiiation of 
sugar aad dextrose is used»    Sinoe sugar is the only sweetening ingredient 
¥ttiich can be used by itself to satisfy all of the functions of a sneetener 
in frozen foods, laany processors indicated that they preferred to use it 
exclusiirely rather than complicate their storage and labor problems or 
increase the chance of error in the plant through the use of more than one 
sweetening agent* 

As withn^my other food processors, psyshological faotors appesured to 
have a noticeable effect upon a frozen fruit packer's choice of sweetener* 
Historically,  sugar as the sole sweetener has been associated with quality 
merchandise in the minds of Biany producers and coianiercial users of frozen 
fruits*    Many packers  themselTes appear to be shifting away f^ora this iriew 
and se@a willing to aocept the results of tœhnological research*    On tiie 
other hand, mBLny commercial users of frozen fruits are reluctant  to accept 
this view, and insist that products supplied them be sweetened with 100 
percent sugar« 

Caciblnatlons of Sugar and a Corn Sweetener *■ Only 10 percent of all 
processors surveyed reported coniaercial use of com sweeteners*     (See 
table 27.)    However, a significant nuaö^er indicated that they either were 
ej^erimenfcing with them or were expecting to begin use of ^em in the near 
future*    Much experimental work is under way in food technological labora- 
tories throughout the country with respect to the use of corn sweeteners in 
frozen fruit packs«    In fact^ the eztenfc to which qualified research has 
gone in analysing the results which can be achieved by the use of coim 
sweeteners in frozen fruits is far advanced in comparison with the actual 
practice of commercial packers*    TOien sugar supplies were limited, about 
a third of «le packers isho noî^ally use only sugar reported occasional 
use of s^tll sffliounts of dextrose or com sirup in order to stretch their 
sugar rations*    Kie other -^o-thirds reported that they preferred to 
curtail production when necessary rather than use any sweetener other than 
sugar« 

De3ctrose and hi^-oonversion com sirups were Idiie only t^ corn 
sweeteners reported in otirrent use by processors of ft^ozen fruits* 
Opinion as to the merits of either -^uld indicate that they were about equal 
in popularity*    Dextrose was preferred chiefly iriien processors jmmà dry 
packs, and the hi ^-conversion sirups were preferred when they used liquid 
packs*     The amounts of eitíier of these did not in any case exceed 33 percent 
of the to-tel sweetener*      TOxereas  there are at present no Federal food and 
drug standards with respect to the use of sweeteners  in frozen foods, 
pending or proposed standards for these products appear to have an effort 
upon the  sweetener usage policy of n^Äy companies*    Many frozen food 
processors reported an interim policy regarding ^reetener usage whioh is 
in line witii the proposed regulations, in order to avoid any eiÄ>sequent 
oheoiges in manufacture ■^iohmi^it affect the imrket acoeptability of 
their products*    In general^ the proposed standards would pesait -fc© 
use of all Mm com sweeteners but would liirit their use to no more 
ttian one-third of total sweetener*    (See above pp* i^-^ for fuller 
discussion of tibe proposed standards for frozen foods*) 
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Silgar and Itextrosg - Seven percent of all frozen fruit processors 
storveyed were currently using dextrose, principally because they beliered 
that they wore effecting a savijig in production costs without altering 
the qualities of flavor and texture in their packs•    As a goa^^al rule, 
these packers were using dextrose to tte extent of 20 to 2^% of total 
sweetener*    Ifc^t of the© were convinced that there was no discernible 
difference in the appearance of fruit frozen with sugar and dextrose aiKi 
that frozen with sugar alone.    They also stated that flavor TOts actually 
improved because of a reduction in total sweetness, liiich t^ided to 
accentuate nattural fruit flavors» 

Hie principal disadvantage of using dextrose in the frozen fruit 
indiuïtry was reported to be its tendency to crystallize»    A majority of 
the packers reiK>rted that whenever dextrose was used in excess of î^ to 
335Í of total sweetener crystallization became a serious problea«    Al- 
though much research in this field in<ü.cates that the dmiger of crystal- 
lization is minimised idien a ratio of 20Í dextrose arKi 60% sucrose is usró, 
soioe processors reported difficulties in preventing dextrose from crystal- 
lizing even when used in this mc^erate ratio»    Some packers indicatiid they 
were reluctant to use dextrose because some of their customers Imve ex« 
pressed a dislike for it»    Such dislike was reported to be due to the 
belief that the dark^ilng of omit pÍ0Bents and pres^ice of off-flavors in 
prodœts might be associated with the use of dextrose» 

Sugar _and Corn s:ürup - Only a very SMúLI proportion (3»2^) of tte 
frozen fruit packers interviewed refKJrted cvEtrmit use of corn sirup» 
Ihose processors using com sirup reported they lik^ the sheen or gloss 
which this sweetener imparts to fruits when tAiawed, thereby increasing 
their appeal to customers.    Furthermore, if a firm had installed a system 
for using liquid sugar, the companionate use of com sirup was found to 
be physically Eiore advantageous than the VúBB of dextrose.    Aside from its 
lower sweetening pi^p^^ties, the primary disadvsmtages were reported to 
be in-»plant handling difficulties awl the dextrin-like flavor which it 
impart^^ to frozen fruits even when uœd in low percentages» 

Corn sirup solids were not found to be in use at the time of the 
fwvey, nor was it reported that this product was used by any pa^er dtir- 
ing the war rationing period»    Manufacturers indicated that coiti sirup 
lolMs gave results similar or identical to those obtened with regular 
€orn sirup»    The higher price of this prc^uct, together with the diffi- 
culties which occur in handling the materiaL whenever parts of bags we 
left unused,  are additional barriers to general use of the solids by fruit 
packers» 

Ina^auch as the use of dextoose in frozen fruits is limited to 
around 20 to 335È of total si^etener, many processors and food technolo- 
gists have tuttied to experiments with tiie corn sirups,  in order to deter- 
mine whether fruit packs of satisfactoi^r quality can be made by use of 
higher percentages of these corn sweeteners in wmbination with sugar» 
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The rôsults of a racant series of experiments by technologists of the 
Pood TechnoloQT Department at the Oregon Agricultural E^pierlment Station^ 
were generally quite fadorable to the use of com siirup in frozen foods« 
In a recent article on food freeaingj 1$/ the authors draw the following 
conclusions I    Use of a liD-^O degr^ BaSii^ Sirup on frozen fruit, to 
replace UO-^O parent of the sucrose solids iiith com sirup (itóch in ttese 
experlfflsnts were sirups containing   ^-95^ regtalar cowersion com sirup 
suad^-lOjS refiners sirup) resulted in a significantly hi^er drained fruit 
wei^t and a fï-ozen fruit superior in íla7or, texture md color•   In addi- 
tion, these es^rimgnts indicated that there was less oxidation of the fruit 
ftoen it was packed with a blend of su^r and corn sirup than when it was 
packed with either straii^t êugâr or stî^ightcôî^^ 

l]q?erlinants of the same character conducted at the university of 
Califoiiiiia tend to agree in part, thought not entirely, with the work done 
at Oregon State College»   Ite** Jos]^, of the California Agricultural 
Ixperiffient Station, reports that I 

^Gmsmrctal glucose sirtjçis (loir conversón com sirups) were 
found to be superior to dextrose sirups in color retention, but 
fruit packed in these sirups had a slightly objectionable flavor» 
The hi^b conversion corn sirups also were satisfactory in color- 
retention ability«   Several fraits retained more of their natural 
color in these sirups than in sucrose sirups of the same strength, 
but developed a noticeable foreiga flâvor#   Mixtiires of higji 
conversion com sinqjs with cane in the proportion of 1 part corn 
sirup solids to 3 of sucrose, however, were equal to cane sugar 
solution««    (Ibid#) 

It can be s^n ttiat whiJLe tbese two tectoologLsts are in agreement 
that sirias made by blending suptr and corn sirup are as ausceptable as 
an-sugar sirups in packing ftozen fruits, they disagree as to titie type 
of corn sirup aiKi the pwcentages of the two ingradients which prodace 
the best product«   California research teohniciMLS prefer to blend 2$% 
high convBrsion sirups with 75Í sugar, lAile those in Oregon believe 
that blends of regular conversion sirups and sugar, will almost double 
this proportion of com sirup, were equaúL to, or superior in flavor to 
all-sugar packs«    In con^paring these differences of opinion on the research 
level with those obtained from food processors on the operating level, it 
is interesting to note that only the high conversion 1g^e of corn sirup 

21/   Sather, Lois aiKi Wiegand, E« H«   Food Freezings    The Application 
of Corn Sirup in the Freezing RreservaMon of Rriit, in Quick Frozen Foods« 
May 1948« pp« 81-83« 
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ums reported being used by frozen fruit packers utilizing a corn sirup 
in forming a liquid packing medium, and that the proportions reported 
Here never in excess of 3$% total sweetener* ThB preference for hig^ 
conversion sirups in these products iias reported to be due to their 
ability to prevent crystallisation in frozen fruits and at the same time 
supply a plater amount of sweetness than would be the case when using the 
regular conversion sirup ♦ 

954135 0—51—12 
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lŒ CREAM, SHERBETS JWD ICOBS 

The 3^u*t IBiioh Sw6eteoaera Play to the limufacture 
""^^^""^       Qf Ic^ Craaa^ Sherbets mid loas " 

loe^Ûream - Ice cream is a frozen or seBd-froEen product oustomarily 
manufactured from a coHibination of two or laöre of the folloîrijag Ingredients i 
Cream, BiiIk, or other suitable milk productsi eggsi sugar, dextjrose, com 
sirup, glucose sirup, or invert sugariimteri flavoring materiali coloring 
material I and a stabilizer«    as used herein, the term ioe cream excludes 
novelty ice creams, custards, and other products idiose ingredients may 
YWLry considerably fî^m the ingredi®ats of regular types of ice oream. 
Flavor, coloring and stabilizer form a relatively minor |Kïrtion of an ice 
cream mix by weight «ad eggs are seldom used in regular vanilla, fruit 
or chocolate ice cream*    Ernice, total solids ija the average ice cream mix 
consist al3aost entirely of milk fat, non-fat milk solids (serum solids) 
and sweetener»    These three ingredients ainount to about 38 percsnt of tiie 
total weight of ice cream*    Thus,  sweeteners in ice cream are ii^^^rtant 
not <mly for liieir sweetening ]^wer, which contributes to the flavor and 
palatability of the product, hat also for tíieir contri^tion to the solids 
oontsûat* 

Most manufacl^rers believed tiiat the sweet^ier content should amount 
to 15 or 16 percent of the mix*    Total sweetener c<mtent i^u*Í6s much laore 
by grade tiian by flavor of ice cream*    ApproxiBately three-fi^rths of the 
manufactairers interviewed reported that the total sweetener content ims 
tte sas^ for corresponding grades of -ranilla, fruit and chocolate ice 
oreajM*   üi the case of vanilla ice cream, 83 percent reported that 15 or 
16 percent sweet^ier was used for all grades or liiat this ims the lowast 
pexH^entage of sweetener used in that type of ice cream*    Other producers 
were using 16 percent or more, iriioa added sweetness ims desired in a 
différait grade or kind of ice cream*    For example, in fruit mixes 77*6 
perçoit, and Jn chocolate, 63*4 percent of the manufacfaxrers reported the 
use of 15 or 16 percent of total sw^mtmamr, but percentages greater than 
16 percent ware also being used in tmnm kinds of ice cream* 

A good ice cream is developed by &n IäöI riAial miarmfacturer from a 
formula in which the proper balancing of the a^^unts of each of the 
ingredients has been attained* 

"There are four standards by which a perfect ioe cream is n^asured, 
viz», its flavour, tearture, richness and appearance*    The most 
îi^jortant is flavour, by miiich is meant not the taste imparted 
to it by the addition of vanilla or some other flavouring agmt, 
but the actual flavour given to it by the dairy products and sugar 
which form its main oosipon^ats 

%  oj 

76/ Feltham, Leonard R* M* The Making of Ice Cream* London» 
HeywoocT and Co*, Ltd* 1934, p* 101. 
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A study of -Öie data reported by ioe oreasa nanufacturer« interriewed 
reveals that the average total id.lk solids used by all oanufaclmrers is 
about the same for vanilla, fruit and chocolate ice cjreaias (Table 28)« 
Butterfat airerages vary some-what nith the flavor, while non-fat Mlk 
solids are essentially the same for each flavor« 

Table 28 - Butterfat, non-fat Biilk solids and sweetener content in 
ice creams 1 Average of percentages reported by 12S 

meaaufacturers - United States, 1948  

Type of 
ioe cream 

Vmilla 
Fruit 
Chocolate 

Ritterfat 
(percÄit) 

12^8 
12» 6 
12*9 

Non-fat 
milk solids 

(percsaat) 

10*8 
lO^B 
10^8 

Total 
sweetener 
(pero ©at} 

15.3 
15.6 
16,0 

Total milk 
solids and 
sweetener 
(percent) 

38«9 
39.0 
39.7 

The averages shown in Table 28 reflect the inclusion of ^tterfat 
and sweetener contents ia other thjEoi standard grades of ice cream, i.e#, 
grades wMch volumewise are of lesser importance láian 1^©  standard grades. 
The great majority of formulas reported are cono^itrated ai^und the eom-^ 
bination of 12 parcaat butterfat with 15 or 16 percent sweetwier.    A 
oont^it of 10 to 11 percent non-fat milk solids was reported with alïwst 
all of these combinations.    Thus, the average standard ice crasm produced 
to the united States probably contains about 12 percent butterfat^ 10 to 
11 percent non-fat milk solids and 15 to 16 percent sweetener« 

A large ntaober of mmufacturers keep sw^etenar contrat constat when 
butterfat percentages are varied for differ^mt grades of ice cre^»    In 
most ©f these cases^ non-fat mlk solids are decreased when butterfat is 
increased,  in order to rataj^ the saa^ peroeütag© of total solids in th© 
mix»    Other producers imry sugar percentages directly with any oh^ige in 
butterfat content! that is#  if butterfat is increased or deoröased,  sugar 
is also ^creased or decreased.    G^^erally^  in this case^ non^-fat mlk 
solids Tary inversely wi.th the combined l^tterfat and sweeteoier oonteot 
in order to keep total solids about constsoit«    In a few plants ©nlv; 
s^et«aer contait is increased ^cn butterfat contmt is decreased* 
Tîherea» ÍB mmny plro^t a sweetener ^ntœit is kept con i tant with a eîmnge 
of butterfat éditent M the BBsm type of ice cream^ a subetwitial nusiiar 
of these plants use higher pere^itages of T»th sweetener and ^tterf&t 
im. chocolate ice cream thmi are used in foiit and Trilla ice cream« 
Chocolate ic© ©ream iwas  said to require a higher percentage of mwemtenmr 
in the mix to cut the sharpness of the ci^oolate flavor^ 
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Sheybeti and leeg »  FruIt lees,  or Vwater iees^ are th© frozen  product 
iü"ch may eon tain imteri sugar, dextrose^ oo^ sirup salida^ cora ainap 
and other sweeteners or combinations thereofi natural fruity fmit 
flavor or fruit juicei and ajrtificial coloringi about 0#3§ pereent aoid 
(citrioj tartaric or lactio) andi approximately 0*5 peroœit stabiliser* 
Sherbetss or milk sherbets, contain the above ingredients with the 
addition of milk, ití.Ik products or plain ioe oream mix« 

As in ice creai3is, sweeteners are i:^ortant in sherbets end iees 
for their sweeteniJig qiialities« Howeverj in sherbets and ices, sweet« 
©aers also constitute practically all of the total solids content and 
are of prime inçortance to the physical consistency of these products» 

The total sweetener content of sherbets or ndlk sherbets ranged 
from 20 percrat to 41 percent and averaged 28e4 percent of the weight 
of «le total mix. use of about 30 percent total sweeteaer in the mix 
was preferred by tíie majority, while an additional one-fourth of ttie 
group preferred 28 percent (See Table 29)* Less than one-tenth of the 
sherbet manufacturers used over SO percent total sweetener in these 
products« 

Table 29 - Total sweetener content of sherbets and ices* Frequency 
of usage by manufacturers reporting production, 1948 

Total Sweetener 
Content 

(pô^reent of mix) Nuiaber 

Manufacturers using percentages listed ins 
"sherbets ^Ices 

Number 

20-27 20 
28 23 
29 6 
SO 31 

31-42 8 
Total Manufacturers 

Reporting 88 

Pero^itage 

100 

22.7 16 
26.1 9 
6,8 6 

55.5 39 
9.1 14 

84 

Peroentage 

19.1 
10^7 
7a 

46.4 
16.7 

100.0 

The total sweetener content of ices ranged from 30 per omit to 42 
percent and averaged 29.4 pereent of the total mix by weight. Most a^nu- 
facturers reported the production of both sherbets and ices ioad, of these 
manufacturers, about one-fourth of them preferred a Mgher total sweetener 
content in ices than in sherbets. Thus^ sligjhtly less than half preferred 
SO percent vdiile one-sixth of them preferred over 30 percent total sweet- 
ener in this type of fresen dessert. 



Butterfat in sherbets ranged from noîie at all to five percent in 
the ads» For tlwse TäIO used butterfat^ this ingredient averaged 3#0 
percent in Idieinix, but many preferred 4 percent^ prisiarily in Mlk 
sherbets• Hon-fat solids ranged from "none" to 14 percent in sherbets 
of all typesÍ and aTeraging 6#8 percent for sherbets containing the non- 
fat ndlk solids, and there was some concentration of usage around 8 per- 
e«it, particularly in the case of milk sherbets# 

The Use of Sugar in Ice Creaa^ Sherbets and Ices 

Ice Cream • jlpproxiaately 38 percent of the manufacturers interviewid 
in ld4Ô reported the use of cane or beet sugar as the only sweetening 
i^ant in ice creami the others were using a oojabination of sugar with 
either dextrose, com sirup or com sirup solids© 77/ 

Approaciiaately 40 percent of the sfflnufacturers reporting 100 percent 
sugar usage in ice cream indicated that they used sugar as liie sole 
sweetener because they believed a higher quality product resulted© Aimsng 
the quality factors mentioned were Ix^dy^ texture and taste© One-tenth 
of these mfiœtufacturers reported iáiat their sweetener preference was based 
on the superior sweetening property of sugar* Approximately 35 percent 
of the all-sugar users indicated that plant operations influenced their 
choice of sweetener« More then one-half of these manufacturers preferred 
the convenience of handling one sweetener only, viz* dry sugar, or stated 
that their voltaas of sales was 1»o small to warrant the use of anottier 
sweetener» The balance of the 35 percent were using liquid ôugar and 
indicated that they would prefer to use this sweetener alone for convœ« 
ience of handling and mixing* 

Other reasons reported as factors determining the use of 100 percmt 
sugar in ice cream were as follows i 

a# The parent organization required or recommended that sugar alone 
be used* 

b* A prepared mix was purchased from another conçany which used 
100 percent sugar» 

0* loe cream formulas were historically based on the use of sugar 
only and a coange of formula was undesirable* 

d, Sugar cost less per unit of sweetness than com sweeteners* 

e* Consumers were tíiought to prefer ice cream containing sugar as 
the sole sweetening agent* 

77/ Honey was used as the only sweetener in ice cream manufactured 
for a particular religious group which does not use sugar in their foods* 
Such ice cream, is not considered in this report* 
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Sberbetfi aaad IOOTT • Qaly on©«1wi1äi of th© plmts muiif antorisi^g sli9rlb#t« 
«ad iees used 100 peroesit sugar in th&s« proidhietsi th© Q^mrm used a 
eomb^atiozk of sugar and oao of ^o eom 8WBet®&#rs#    Ifost of those 
ro^rtiag 1(X> peroaat mtgmr usu^o Jba shorWts mM, i^fss stated that the 
oonvesii^ioe of haadllng a single swsetsner ims 1^# ^rî^ary determining 
factor*    lisnufaoturers nho preferred all-'sugar formlas imported that 
ño crystallliaticm of the sweetener WAS likely at thi* oimoeatratlon used» 

The Use of torn Sweeteners in lee Cwiaa^ StmAm^u wmû loes 

The Ht^er of Mmtifacturers üsin^ Corn Sweetmers - ttf all ^mufaeturers 
interel^«eö^ both large and amall, èfe peroent «j^rted tte mm in lee 
©ream of a ©oribination of sugar and we or imrm of toe eom a^eteners* 
Table »3 illustrates the preferenees for each of the four t^#« of ©om 
sweeteners^ the majoril^ using either deicbrose^  com sirup solids, or 
equal aBoDimts of the ISPO»    Less than me-fi^ of those using com sweet- 
eners preferred the high-oonTsrsion type of mm sirup, and use of regular 
oom sirup was fouBd to he relatively negligible* 

Table SO « Coim swaet^ers used by manufacturers rejK>rtlng 
the production of ice ci^ams, 1948  

Ifaâufacfarers reporting swsetsner usage 
Com gwseteaers used with     "^ ~' Pprc«at of com    i^rcent of toial 
^^F ^ ^^^ ^^^^^ Hu^er    sweeteûer&ttsers   aanufaoturers 

Dextrose 35 46a 28.7 
Cora sirup solids 22 29,0 18.0 
Dextrose and com sirup 

solid« 2 2.6 1.6 
Eigh-ciaiversicm com sirup 14 18,4 11.5 
Hegular com sirup 3 3.9 2.5 

Total using com sweeteners 76 100.0 62.3 

Total manufacturers 12a _  _     m   ' 100.0 

Al^at 9 out of 10 of the mmufaotarers of sherbets and ices tmp^rtmà 
the use of a combination of sugar wi^ ime or iwre of the oom sweetraers* 
(Se® Table SI)    Mbat of those las^iÄg ice credit as well m sherbets ma 
ices ^#f erred to use a oo^^ation of sug^^ and aoim swaot^ier in tt» 
sherbata and ioes^ mrm though they used 100 pero^tit ^gar in ioe orewa. 
(^ those preferring soa» oom sweet^iers in sherbets ^d iees^ y^rm than 
one-half reported the use of dextrose mth sugar, the next largest group 
preferring oom sirup solids# 



*. 173 - 

Tabla 31 - Ctom «weateners us#d by manufactairers reportiag the 
produetion of Ices and sherbeta» 1948 

UBaufaoturers reporting gweeteaer us^i^e 
Oora eneetetners used with        Percent of com  Peroent of total 
sugar in  sherbets cad lees Humber sweeteaer users  agaiufaoturers 

Dextrose 46 50*5 44,2 
Com sirup solids 21 23*1 20,2 
Dextrose and oQm sirup 

solids 2 2.2 1.9 
Sigh-ocmirersion oom sirup 19 20.9 18,3 
Regular com sirup 8 3.3 2.9 

Total using com sweeteners 91 100,0 87.6 

Total Booiufaoturers 104 - 100,0 

Sugar-Corn Sweeteaier latios - The Majority of manufacturers using com 
sweeteners in frozen desserts prefeired u costoination of 75 peroent sugar 
and 25 percent co2^ sweeteners* O^er two--öiirds of ttie com sweetener 
users preferred a TOHbination of awieeteners in ^ich aie proportion of 
oom sweeteners was from 20 to 29 percent of the total sweetener content* 
A someirtiat higher proportion of the maimfactui^ers of sherbets and ices 
than of those making ice cream preferred combinations in which ratio of 
com sweetener to total sweet^ier ims ZO percent or abore» 

During th© recent war periodic a ntimber of manufacturers either beg^ 
to use com sweat^iers in ice creams for the first time or incjE^ased the 
proj«>rtion of tîds type of sweetener* Marketable ice ci^am was reported 
to have be^a produced using com sweet®ier to replace between SO and 50 
percent of thc^ total sweetener contrat, but 50 percent was the upper 
limit for tfea replacement* In sherbets and ices, however, com sweeteners 
were used iß sœiounts up to 75 percent of total sweetener content, with 
reportedly satisfactory results* It is indicated, therefore, that the 
upper limit for replacement of sugar by corn sweet^aers is about 50 per« 
cent of the lotal sweetener content in ice cream and 75 perchât in sherbets 
and ices* However, in actual commercial practice at the time of tíie sur*» 
vay^ ti B  proportion of com sweetener used was much lower* 

advantages and Disadvantages of Usi^g Ctom Sweeteners - Among the ad^mntages 
SFTHclSding com sweeteners as one of the ingredients in frozen desserts, 
the on^ moat  frequently mentioned was the favorable effect of such sweet- 
eners on the physical clmracteristios of the product* Of the total imBnu« 
facturers interviewed, almost two-thirds stated that a com sweetener 
impro'WBû  ttie body and texture of one or m>re  of the frozen desserts. In 
the oasa of ice cream, the com sweeteners were believed to give a smootbor 
prt>du0t and provide a better "melting down" consistency, iriien used in 
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amounts not considered excessive* Many producers of sherbets and ices 
eii^hasijsed that the value of com siieeteners in these products ims 
enhanced by their ability to prevent or inhibit bleeding 78/» granulation 
or crystallization, and separation of the ingrediOTits in îhe product* 

The relative sweetness of sugar and com sweeteners plays an important 
role» A manufacturer who uses 100 percmit sugar usually desires a sweeter 
product, or he desires a suffici^itly swset product with a lower total 
sweetener content« However, when more body is desired without increasing 
the sweetness, or a reduction of sweetness without sacrificing body, a 
combination of-sugar with corn sweeteners is indicated» 

The majority of those who had used com sweeteners believed that 
when used in lijdted amounts no iiopairment of flavor or taste was notice- 
able» In immy instances. Individuals stated that com sweet^iers tended 
to bring out the natural flavors, carry fruit flavors better, or n^Lke the 
product more palatable» Those who considered tiiat the effect of a com 
sweetener was to inçair quality generally reported that they had used the 
corn sweetener 3n amoimts greater than SO percent of the total sweetener 
content» When tised in relatively large proportions, com sweeteners were 
said to flatten or deaden or overpower the natural flavors» Because of 
differences in freezing temperatures when sugar is partially repleu^ed by 
com sweeteners, it is often necessary to change the teoçerature regulation 
on freeaing and holding cabinet equijaaanté 

The lower price of com sweeteners ims reported to play a secondary 
role» TNhere use of a certain proportion of com sweetener was preferred 
by manxifacturers of ice cream, the physical oharaoteristica imparted to 
the product of ice or^ua were stressed rather than savings in cost through 
use of the com sweeteners» TOiile a few stated Idiat price played a deci- 
sive part in their decisions, a larger ntmber declared that in ice cream 
some aiaoimt of TOrn sweetener would be wanted anyway for its physical 
piroperties» In  the case of sherbets and ices, a greater number of manu- 
facturers gave more consideration to relative prices, as competition was 
found to exist between sugar and com sweeteners, and also between the 
different types of com sweeteners» Thus, price and price differentials 
between sweet^fiers played a minor role in the use of com sweeteners in 
the higher-priced frozen desserts and a laore decisive role in the lower- 
priced sherbets and ices» 

Dextrose - I^xtrose was reported to give body to a frozen dessert without 
excessive sweetness» Its gareatest advantage as a sweetening agent seems 
to be in the sherbets and ices» When im>re body is wanted in sherbets 
and ices, or 100 percent sugar is thought to give too sweet a product, 
the manufacturers believe that com sweeteners other than dextrose give 

78^ Bleeding is a term generally used to describe the separation 
of liquid from the solids» 
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bodyt *bat inmffioleiit 0matQ#fi in preduets eontalning a x^elativfily 
IftTgf proportlosi of oom «noetoner«   Baxtros»^ lâiemoetett of tl^ corn 
jwoetoners^ na« proferrodoinsr com simp solids and com sirup by thasa 
snnuf&otararaf and a nusibar of producars iiara using daxtrosa in sharbats 
and ieas ál^houg^i thay usad snothar com swaatanar in ioa craaas« 

miiñ uaad in JLca oraam» daxtrosa nas said by soma to prasant a 
problmi of arystallisation not ancountarad iriian usa nas Mida of tha 
otbar com svaatanars«   Whlla soaabaliairad that daxtrosa itsalf cry^ 
stallisad is loa oraaas^ a faw muufaoturars baliairad that saadinass 
aould ba attributad to lactosa ox^stallisation and vas siora notioaabla 
in ioa craatt amitaining daxtrosa« 

¿^ nuiribar of aanufacturars nantic^ad that dtoxtrosa has a loiiar fleasing 
tanparatura than sugar# and raportad tha naoassity of rasatting tasqpamtus^ 
gangas iriian this «waatanar nas ançloyad in fresan dassarts« 

Umy sMiufaolmrars simtad that thay mmld not consida 
daxtrosa unlass tha prica dif farantial batwaan daxtrosa md sugar was 
widanad suff loi^m^ly to anabla enough savings in ingradiant aosts to 
narrant handling tno snaatanars«    Sona nho nara favorably disposad tonard 
using daxtrosa nas^ not doing so bacausa tliay could obtain ona of tha 
othar com snaatenars at a lowar prica» 

Ctom Sirup Solids » Snallar awnufaoturars using oom sirup solids in placa 
of com sjyup nara alaost nnaniinous in ad'vocating iäM usa of this sweatenor 
in fz^san dassairts as a aiaans of ijoproriiig body and taxtura*    Tlxis «as 
aapacially trua in ica oraam^ id»ra tma of com sirup or corn sirup solids 
nas said iso iiqpairt a dasirabla conaisl^cy to tha product»    In a fan in- 
staneaa, it nas statad tíiat usa of tba solids rasultod in an axcassivo 
asiDunt of body^ if snaatnass nara to ba sidntainaâ»    About a third of tba 
solids usara i»tprassad a prafarenca for tbis iiiatarial Inicausa it parsdttod 
an incraasa in body nith a raduction in snaatnass«    Cixnroants nara laostly 
nogati^ra ooneaming tíia ad^antagas of using com sirup solids for battar 
flavor»   TIM. la a fan usar s of thla snaatanar baliaved that solids ij^roTod 
ti» tlmwmr of frosan dassarts^ tba inajori^ of comnnts tndicatad ^imt 
com sirup solids nara baliaipad to haïra no notioaabla affact nhon used 
within certain raplacanent limits»    k^ saount not ^ êw^emn of 30 paroent 
of total snaatanar nas giTsn as i:lia approximate lislt» 

A iPan aanuf acturars IäK) pr aforrad com sirup solids nara using dax- 
trosa in areas iribara daxtrosa nas chaap^*» 

Hhan a com wmeetmi^T nas usad nith granulatad sugar in fro men 
desserts^ smaller aianufacturars aljaost alnays reported a prefarenca for 
dextrose or com sirup solids, for the conToaienoa of handling bag 
snaatanar s only»    In this cojaaaction, daxtrosa nas often preferred oirer 
com sirup solids, since the solids are hygroscopic by nature, and IATO 
a tendency to absorb moisture and beoos» sticky nh«a exposed to i^he air» 
A fan reported that this sneetener also tended to beocnae lusq^ in stia^ 
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Products mBuáe "with com simp solids had beeoa found to haTO a higjier 
freesEing temperature thœi those made rath rnxga^r*    Vfliile some belieired 
that this required a resetting of t«3içerature regulators tdien this ^neet« 
ener iwas usedj^ oth&rs reported that the higher freeling t^nperature with 
com sirup solids enabled freezing of the BOX in a shorter length of iiim&m f9/ 

High«»GonTersion Cbi^ Sirup - High-conversion cojm sirup -was reported to 
ii^art siQoothness and a desirable consistency to ice oreaai and prevent or 
inhibit bleeding end crystallisation in sherbets and ioes#    ftjurever, a feir 
producers stated that ithen too Biuch of this sweetener was used a sticky 
product resulted»    High-conTersion com sirup was liked when both body and 
sweetness were desired^ and idiere it was rejected as a supplsanentary 
sweet^aer^ operational factors were generally respcmsible*    A few Meau- 
facturers used it as a means of cutting costs, because it generally is 
cheaper than dextrose or com sirup solids* 

Ifcst manufacturers who used gi^Baulated sugar in troz&a desserts had 
rejected the com sirups primarily because of the difficulty JB handling 
liquid OTfeeteners in barrels or drums•    TOiere facilities for httidlîng 
liquid sweeteners Imd been installed by the larger manufacturers no diffi- 
cviities were experienced mid com sirup ims preferred over the other com 
sweet^oiers because of its lower price acid for convenience in handling and 
mixing»    A ntanber of manufacturers  stated iüíat they would prefer that 
sweeter high-conversion corn sirup if proper Imndling facilities wei^ in- 
stalled föid they could purchase the sirup in tankcar lots»    Others stated 
that they would prefer soias grade of com sirup to other com sweeteners 
if a pre-mixed sugar and com sirup combination could be purchased» 

Regular Com Sirup - Use of regular com sir\ip in frozen desserts was 
reported to give somewhat more body and loss sweetatiess to such productm 
than results from use of the saiae quantity of the high-coiversion sirup» 
/.ccordingly, when com sweeteners are used, it was rejKïrted that use of 
too great a proportion of regular com sirup may give an excessive amount 
of body with Insufficient ^^etness»    Except for "öie water wMoh it con- 
tains,  regular com sirup has approximately the same conçïosition as com 
sirup solids and may be used in correspcaading pro^rtions with equally 
good results»    The unit cost is less than for the other com sweeteners 
but the sirups are considered more difficult to hsñále on a small scale 
than dextrose or com sirup solids# 

79/ For additional information regarding relative freezing teij^orature 
of tEe primary sweeteners,  see pages 57«5ß» 
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Inc., 5Z Wall Street, Hew York 5, Hew York, Jaaoaiy 195o, Vol. IV, Ho. 1 

Berma, Matthew, How and Why of Candy Making, E. Boyles, Chicago, 1925 

Jordan, S. and Laagwill, K. E., Cojafeetionery Analysis and Composition. 
(GoafeetloMiy Studies Ho. U), The Manufactinlng cWeetioneiy Fabliab- 
lag CoiflÄay, Chicago, 19U6 

Ice Cream 

Dahlberg, A. C. and Praezek, E. S., Dextroae and Cora Sirup for Pï>ozea 
Desserts, ftiUetia Number 696, N. Y." átate Agriculturai Experiment " 
Station, Geneva, H. Y., October 19i|0 

Leighton, Alan, C^ the Calculation of the Freeaing Point of lee Cream 
Mijcem and of the~Quaatities of lee Separated During the Freeaiag ~ 
Process, Journal of Dairy Scieaee. Vol. Iri^ Wh»W>y j,, Aiiy ^aóf* 

Reid, W.H.F. aad Decker, C. W., The Effect of Different lacremeata of 
Sucrose and Dextrose on Freeaiag froeedures, MU Compositions. Stability, 
aad lat^^l Structure Of lee Cream. Research Bulletiji Ma^  Ayi.<einfa.,4i 
Erperlmeat Statioa, üaiveralty of Missouri, CohaäoU,  Missouri, July 19k3 
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Ijidttstrial and iMtltutlmtaL - contd» 

Ice Ctesm •* contd» 

Corl^tt^ W, J* and frâôy^ P. H,j. Oyttrose in Coaaerelal Ice Sreaat Ma^tt* 
facttrre» Bulletin ii52, AgricuLttral üoperiÄent Staticm, University of 
niinoia, Qrbana, Illinois, Msörch 1939» 

getmedys Sormm F»t ^<»^ Sweeteners in fic^^fg^ f^ Relatgd 'ProamtB, 
Corn Industries Research Fomidation, 5 last 1^51* H», Hew Xork 17, 
Mew York, 19U2» 

Belling, A» P» and Btichai^n, B« F,, Freezing-Point Data of Corn Syrup 
Solids,    Itae Ice Cresoa Ii?ade Jonmai, Vol^ 56, Kifflber 2, page U9, 
FebruMy 19liO. 

Knechtgesi  John W. ana SOBIB^P, H. H,, Corn Syrup Solids - ,1helr Use in 
Ice Creaa, Dept« of Dairy Irrilustiy, university of Wisconsin,    """"" 

Ice CreaBa,  Its Food Value, Haticmal Dairy Council,  íMcago, 19hB^ 

TrMy, Paul R*, Si:^ar in Ice-Creaa, Ice Greaa Field, May 191*0» 

Cruess, ¥• Y», Utiligatlon of Fruits in Food Productions I^ In Ice O^^m 
arKJ Ices, Reprinted flrom The R^uit Products Jouo^naa, Hew Tork, May 19U0 
Issue, Vol. 19, Ho. 9, pp, 260*2f  281. 

I, W. H. E., Cooley, R* J. and Arbuckle, W. S., Replacing Cane Sugar idtfa 
tatole Increments of ^extarose md Gerelose Sugar In the Ice Greaa Mix, 

Reid, 
Varlg>le     , „-  r 
and Its Effect Ppon the PhjBicaa._and Chi^ical Rroperties of Ice Cream at 
Different 5errli¿ Temperatures, Research Bulletin 323, Agricultural Ex- 
periment station. University of Missouri, Coliabia, MisTOiarl, DecaÉber 19^0. 

Irb, J. H.J Sroet^iing Agents Sultable^for Ice Cream, Chocolate^ MIk, agid 
Sweetened Coodtens^ *^^^» apartment of ^airy J^ecfanology, Ohio E>tate 
university, Coluflft>us, Ohio. 

Ice Qreaa.   Its Pood Value, National Dairy Council, Chlca^go 6, Illinois, mm ——~—— 
Hie Ice Creatt Industry and the ^airy *ar ^cono^^ International ABSO- 
ciaticm of Ice Cream Maaufacturi^s, 1105 Barr Ädg., Washington, D#^ C», 
Fourth Printing, Ctetober 19l»2. 

Milk and Food Sanitation - Report of the Comaittee on Froz^ DessM^s, 
Journal of lOlk and Food Tecbnology, International Association of laik 
and Food Sanitarians, IIKî#, 37U Broadw^, J^bany, N. Y., Volume 12, 
Hi:®toer 5f PP# 289-298, %pt^d»er-Ootober Issue, 19U9# 

Bevwages 

Medbwy, Henry E. B. Sc>, Hie Manufacture of Bottled Carbonated averages, 
American Itottiers of Carbonate averages, 1128 Sixteenth St., Washington, 
D. C, 191*5. 
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ladtostrlal and lastitutioaal - contd» 

Bewraggs ■> coiifed> 

Rittled &KCt_Brink Salesj FIJSLTOT Batios, American Bottlers of Carbonated 
Beverages, 112Ö Sixteento St. j Washington, D. C, Revised July 19¿9. 

Simp Making for Bottled Carbonat^^ averages. Technical Service Reports, 
toerloan Bottlers of Carbonated Beverages, 1128 Sixteenth St., Washington, 
D# C* 

Fisher, H. S» and GHenke, J. R., fhe Use of Dextrose in Soffc Ih^ink Pro* 
ductton. Reprinted froai iiaerican Cai4>onator and Bottler, Septeiaber 19l|.7. 

Caimings Rrosien Focóte, Preserving, etc. 

JoslTn, M#A# and Hohl, Leoi^ra A», 1^ Caamiercial Fï'eegjuag of Fruit 
ProdtactSj BnHetia 703, Agricoltural Experiment Station, University of 
California, Iterkeley, Califorida, January 19Jk8. 

Meschter, 1. C, Jaa_and Jelly Maldñg, Food Industries, McQrair Hül 
Publishing Coapany, Inc., 99-120 Hora Broadiray, Albany 1, New York, 
June 191^ Is^ae, Vol^ 21, No. 6, pp* 67-71# 

M'l'iAM'Miiî!3Mn5^î»îT5îî   .      ^,   , -i?n8 
Issue, VolumolDy ütnOier 12» 

Grâess, ¥• T», Pblllaation of Firuits in Food I^odoets, 7 Canned and 
glass Paeked Sigôlalltles^ Reprinted from The gralt Prodncts Journal 
Vtm lork, dime ISlfi Issue, Vol* 19, Ko, 10, pp* 297-9* 

Canned Food Pack Statleties» 19ÏS» Division of Statisties, National 
Canners Association, Washington, P. C,, May and June 1^1*9. 

Fellers, Carl R.j Miller, Joseph and Onsdorff, Ihoaias, Dextrose in the 
Mannfttetare of Rruit and Vegetable Products. Indusl^al and Enginië?^ 
ing GheÄLstry, August 1937 Issue, Vol. 2?, No, 8, pp. 9lt6-9l»9, 

Wei^md, EMiestH,,1!he Fonction of Dextrose in Canning Fruits, Bie 
Canner, August 3, 3^1*0, pp, 16-19, 

Islgand, Braest H„ Dextrose in the Preserving Industry. The Canner, 
January 10, I9I1D, pp, IS-l^j 1Ö,       —^^-" * 

Miscellaneous 

Wiatoa, A* L, and K. B,, The Structure and Coaposition of Foodsj John 
miey and Sons, Inc., New Tork, 1932, 
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Industrial and Institutional «- contd» 

Miscellaneous ^ contd». 

Spencer, G« L# and Meade, G* P#, A Handbook for Cane Sugar Manufacturers 
and Their Cfaemistsj John Wiley and Sons, Inc#| Hew York# 

FellerSj Carl R»j Dextrose in the Food Industries and its Health Statusj 
Article from American tíournal of Public Health, February 1939 Issue, 
7ol^ 29, pp. 135-138» 

Sugar, Facts and Figures, ïïnited States Cuban Su^r Council, I36 Front St#, 
Nerw York 5, October 19UÖ« 

Government Publications 

General 

Agricultural Statistics, Annual U» S. Department of Agricultu3?e, 
Washington, D* G * 

Statistical Abstraot^of the Uriited States, Annual, Bureau of the Census, 
ïï# S# Department of Commerce, Washington, D« C# 

ConversionTactors and Weights and Measures for Agricultural Commodities 
and ühelr ProductSj Production and Marketing Administration, ü< S^ 
Department of Apiculture, Washington, D« G•, August 19U7» 

Sugar and Corn Sweeteners 

Sugar Reports, Nos« 1-10, Su^r Branch, Production and Marketing 
Administration, TJ# S» Department of Agriculture, Washington, D* C# 

The World Sugar Situation, Bureau of Agricultural Economics, Vm S^ 
Department of Agriculture, Washington, D# C ^ 

Census of Manufacturest 19391 Sugar Gonsimed in Selected Industries, 
Preliminary Report, Bureau of the Census, U, 0» Department of Commerce, 
Washington, D»CV, March Ik»  19l|l* 

Sugar, Molasses and Confectionery, Industry Report, Quarterly, GEÍíMB 
of Domestic Commerce, U* S^ Department of Commercsi Washington, D# C» 

Grind and Sales Statistics of_the Corn Refining Industiy^ Sales 
Reports for Eleven Companies Combiœd, Monthly, distributed thrm^ 
Grain Branch, Production and Marketing Administration, U»S# Depart— 
ment of Agriculture, Washington, D» Cv 

Jackson, Richard F* and Silsbee, Clara G#, The Solubility of Dextrose 
in Water, Sclentif io Papers of the Bure au of Standards Ho* 437^ May, 
1922. 
954135 0—51^ -13 ^  : 
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Government Publications — contd# 

Bakery and Cereal Produots 

Bread and Other Bakery Products^ 19it?j Preliminary Industry Report, 
Census of Manufactures, 19^4?, Bureau of the Census, U» S. Department 
of Ccsmerce, Washington, D. C*, April 8, 19li9# 

Biscuit j Crackers j and Pretzels^ 19U7j Preliminary Indus try Report, 
Census of Manufactures, 19U7, Bureau of the Census, U. S• Department 
of Cominerce, Washington, D* C*, March 29, 19i|.9» 

Census of Manufactures 191^7 Bakery ProductSj Bureau of the Census, 
ÍÍ. S* Department of Coani^rco, Washington, D, G#, 19U9, HG 20A# 

Census of Manufactures 1939 Bakery Products Sub group j Bureau of the 
Census, Ui Sy Department of Commerce, Washington^ D^ C^, 1941* 

Blackmore, W» Edward, Faa^-to-aetail Mar^ns_for White Flo>:r and White 
Breads Bureau of Agricultural Economes, U* S. Departoent of Agricul- 
ture, Washington, D# C«, December 19lj.8» 

Confectioner y and Related Products 

Dudik, George F., Confectionery Sades and Distribution, Office of DOTestic 
Commerce, U^S.D^C, Washington, D*G., 19l4l-l4-9» 

Dudik, George F>, Confectioneryj Sales and Distribution^ 19ij.9, Business 
Information Service, Bureau of Forei^ and Domestic Ccranerce, U»S»D^C•, 
Washington, D# C» Oct« 19^0# 

Dudik, George F>, Trends Within the Confectionery Industry - 191^9, 
Food Division, Office of Domestic Commerce, U.S.Lc, Washington, D. C* ^ 
June 7, 19^0^ ' 

Dudik, George F*, Ingredient Materials Used by the Confectionery 
Industij^ l9J4l-li7, Food Division, Office'of Domestic Commerce, U.S^D.C, 
Washington, Dt C», Issued as a supplement to ^'Confectionery Sales and 
Distribution, 191^7 •" 

Dudik, George F#, Inter-*Area Movement of Confectioneryj Food Division, 
Office of Danestic ComnBrce, U^S.D.C*, Washington, D/C», March I9k9* 
Prepared under the financial sponsorship of the National Confectioners 
Association, March, 19l49» 

Confectionery Saless Monthly, Bureau of the Census, U^S.D.C*, Washington, 
D« C» 

Facts^for Industry^ Confectionery (Including Chocolate Products)♦ 
Monthly, Bureau of the Census, IJ.SéD#C# ~'" ——^ 
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GoTernment Publications ^ contd» 

Confectionery and Related Products ^ contd» 

Census of Manufacturesj 19kls  Sugary Confectionery and Related I^odudts> 
Bureau of the Census^ U.S.D.C«, Washington, ^♦C»,19U9# 

Manufactures 1939j Sug^r and Confgctionery and Related Products Sub- 
group, Bureau of the GensuSj ütS»D#G»s Washington^ urn  C#i, 19U0> 

Chewing Gumj 19kls  Bureau of the Census, V^S.B.C.s  Washington, D» C., 
Feb. 9, ISW. 

Chocolate and Cocoa Products, 19U75 Bureau of the Censusj ü>S»D^C»t 
l!^ashington,J}»u^^ March t, 19U9» 

Canning, Preserving, Frozen Foods, etc» 

Vorlgng Outlines Part I Fruitsj Conference on Haae Food Freezing, 
iiarch 1^.-17, 19ii9^ bureau of Human Nutrition and Home Economics, ARA, 
USDA, Washington, D* C^ 

Instruction on Processing for Community Frozen Food Locker Plants, 
Misc. Publ. No* 500, PtóA, ÚSDA, Washington, b. U., March 1^U6, (feevised 
Aug., 191^8) 

Appraisal of the ^ompetitiye Position of Frozen Fruits and Vegetables^ 
Industry Reports Canned Fruits and Vegetables, Office of Domestic 
Commerce, USDG, Washington, D. C, July 19U9. 

Canned Fruits and Vegetabless Industry Report, Office of DcMestic 
Commerce, ÜSDC, Washington, D^ C. Published bi-monthly. 

Community Canning Centers^ Misc. Publ. No. 5Wt, F¡£A, USDA, Washington, 
D. C, 19Í1.6. 

Census of Manufactures 191^75 Canning, Preserving, and Freezing, 
Bureau of the Census, ÜSDC, Washington, D. C, 19i;9, MC 20C. 

Ice Cream and Dairy Products 

Production of Manufactured Dairy Products, Annual^ BAEi USDA, Washington, 
D. C. 

Milk Production on Farms and Statistics of Dairy Plant Products^ Annual, 
BAE, USDA, Washington, D. C. "■ —-  — ^ 

Eyaporated, Conáensedj and Dry Milk Report, Monthly, BAJE, USDA, Washington 
D. C. 
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Goverai^nt Publications *■ contd^ 

Beverages 

Census of Manufactures l^l^Tt Beveragesj Bureau of the Census, USDC, 
Washington, D* G., MG 20G# 

Soft Drinksj 19i;7j Preliminary Industry Report, Census of Manufacturest 
19h7$  Bureau of the Census, ÜSDO, Washongton, D# G#, March 18, 19k9m 

Miscellaneous 

Census of Manufactures, 19U7j_Misc» Food Preparations, Bureau of the 
Census, ÍJSDC, Washington, D# C#, 19k9 MC 20HV    ~ 

Census of Manufactures, 19hl» Meat Products, Bureau of the Census, 
ÜSDC, Washington, D* G., 19U9, MC 20A# 

Census_^of Manufactures, 19hj9  Grain MH I¥oducts, Bureau of the Census, 
IJSDC, Washington, D» GI, 19U9^ MC 2ÖD# 

State and Federal £egislatlon 

U# S# Itept» of Agriculture, P*M#A» -united States Standards for Grades 
of Processed Fruits and Vegetables (Canned, dried and frozen) Mb* A-^, 
August 15, 19U6#   ""        *" 

Definitions and Standards for Food, Federal Security Agency, Food and 
Drug Ai&iini strati on, part 27 on Canned Fruits, page 17, May 25, 19l4ií 
issued July 19kh$  reprinted, Nov» 19kS^ 

Definitions and Standards^for Food, Federal Security Agency, Food and Drug 
Administration, part 51f Carme d Peas, part 51 amended» Gkreen Beans and 
Csmned Waxed Beansj Part 5§# Canned Vegetables other than those ^ecificaJ" / 
regulated} part 53* Tomato Products, May 25, 19lúi$  issued July, 19kh$ Bsmxideà 
¥Bb. 19p  19U7# 

California Health axñ Safety Code, I9I4.5, Amended to May 21, I9U6, Agri- 
cultural Code of Califomia^ 19l45, revised to May 21, 19l*6» CaDifornia 
Administrative Codes, Title 17, Public Health Department* 

Colorado State Division of JPublie Health, Pood and Drug Laws, Rules and 
Regulations (Revi^dl9Í42), Chapter U8, section 7} Chapter 78, section 91j 
Rules I4I and k9}  Regulations Pertaining to Food and Drugs» * 

Georgia laws relating to Adultera tin g, Misbrsüading and Sanitary Handling 
of Foods, Serial JÖ.50, March 19U0» Amendment to the Georgia Dept# of 
Agriculture Regulations, March 26, 19U8* 

Illinois Laws with Regulations and Standards as enforced by the division 
of Food and Dairies, Dept» of Agriculture, 19ip.# 
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State aM Federal Legislation - CQntd# 

Louisiana Regalations adopted by the State Board of Health, Sept« 19ÏSm 
Regulations Establishing Definitions and Standards of Identity for Frosen 
Desserts»    Louisiana State Board of Health, July 12, 19U6> published 
Aug* 6, 19l|6* 

Massachusetts Rules, Regulations, Standards and Definitions of Purity and 
Quality of Food| Dept» of Public Health, adopted Feb» 9, 1937•   Mass* Act 
of 19U8, section 6, Relative to Adulteration or Misbranding of Food and 
Drugs, chapter 598# 

Michigan Laws relating to the Dept« of Agriculture, extract from Act 328, 
Pt !• 1931^ Adulteration of Maple Sir^*   Act No* 123, Public Acts 1903, 
Com Sirup,   Act No/ 222,  (Ice Cream) P*A» 1931* 

Mississippi Pure Food Law, Rules and Regulations for its enforceiamt, 
BuUatin #1, Mississippi, A* & M* College, January, 19ll# 

Mississippi House Bill #?53 approved in Regular Session of the 19it8 Legislature, 
effective Jan* 1, 191^9 • 

Hew Me^co Dairy Laws} Rules and Regulativas governing the operation of 
cream stations. State Dairy Commission, State College of New Mexico, 
September, 1937 # 

Mew Mejiao Laws of 1927 as amended, chapter 97, section 8A, para^aph 8 
and section 8E, paragraphs 1-3 inclusive* 

New ïork Agriculture and M^kets Law, circulars 670 and 673, 19U3î 
circu«Ur 685t 1948* 

Ohio Amended Seilte Bill No« 190 to regulate the manufacture and sale 
of soft drinks and non-alcoholic beverages in containers #  •  •  • • 

Oregon Laws, I9I49, chapter i^^S* 

Pennsylvania D^t ^ of Igriculture Official Bulletins, Title II, Bureau 
of Foods and Chemistry, Chapter r7I, Standards for non«Alcoho3JLo and 
Carbonated Beverages and Still Drinfcs#    Adopted April 8, 19146e    Chapter I?, 
Ice Creami Chapter VIII, Flavoring Materials} Chapter X (Revised) Dec# 8^ 
Í9ii8, Cereals, Meals, Flours, Bakeiy Products, and Related Ingredients♦ 

Pennsylvania Ice Creaa Law, Act of 1933# P*Le 1116 as amended by the Act 
of June 5^ 1937f No* 3^0, P^L* 1672*     - 

Permsylmnia Housf Bill No* IO3I, Session of 19U9# 

Pennsylvania Gai»bonat«d Beverages and Still Drinks Law, let of May 1^, 
1925, P^ U 730, as imen^d^ ; --^ 
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State and Federal Legislation - contd» 

Wisconsin Statutes, seetion 97*09 Relating to Manufacturers, Bottlers, 
and Distributers of Soi a Water Beverages;  General Order Hii^ Rules and 
Regulations Regulating Soda Water Beverages, October 1, 19l4.6#    Wisconsin 
State Dept« of Agriculture, Madison, Wisconsin, September, 19h6# 



^ 189 

UNITED STATES DEPARTMENT OF AGRICULTUHE l.ProJect No^HM;c->137 
PRODUCnON AND MARKETING ADMINISTRATION 2 •Branch   Sugar 

3*Agency  FMA 

RESEARCH AND MARKETING ACT 

U« RMA Work Project K^tle: VIIî Analysis of Demand and Consumer Preferences 
for Agricultural Products 

(a) RMA Subproject Title: CoBipetiti've Relationship between Corn Sugar 
and Sirup and Cane and Beet Sugars and Sirups# 

5« Act Titles Title 11, Sec^ 201^ (a)r 

6# (a) Problem and Needs: For seTeral years the production and use of 
corn cagar and sirup have been increasingé This trend was rapidly acceler- 
ated during the recent period of shortage of sucrose* Another recent 
development is èsqpanded use of liquid cane and beet sugar rather than dry 
sucrose• Other shifts in use of sweetening agents also have occurred* 
Specific information on the extent and nature of these increases and shifts, 
on factors governing the choices of types of sweetener, and other factors 
determining the markets for corn and cane and beet sugars is not now avail- 
able« A research project to determine this information for various types 
of industrial users is needed» Information gained as a result of such a 
project will be helpful to aU segments of the cane and beet su^r and corn 
sugar industries in development of prodaction and marketing plansj to the 
Depariaaent in its operational programs and planning activitiesj and to the 
consummg public* 

(b) Object I The objective is to determine quantitatively the use of 
corn sugar or sirup and dry or liquid cane and beet sugar as sweetening 
agents by various industrial users; to ascertain the factors governing the 
choice of use of sweetenerj to study the competitive relationship between 
liquid sugar and corn sirup and the probable effect of the expanding liquid 
sugar industry on both the dry sucrose and corn sirup industriesj and to 
esçlore the problem of probable long-time market demand for the various 
tj^es of sweeteners^ 

(c) Plant Determine from Goverraaent and trade sources the statistics 
on production and use by types of industries for dry and liquid sucrose 
and corn sugar and sirups* Supplement these statistics with original data 
collected by means of questionnaires and interviews whenever necessary* 
Assemble information from appropriate Government and trade sources relative 
to the chemical properties, sweetening, nutritive values, and ottier 
characteristics of dry and liquid sucrose and corn sugar or sirup wMch 
effect the choice of sweetener* Aiialyze statistically the factors governing 
the price relationships between corn sugar or sirup and sucrose and ascertain 
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bf Q^ estioîmaires and iîïbeviews ^^i^ relative prices 
goT©m the choice of sweetener* Ea^lore the (gestion of eonsRmer pre- 
f^^enoe for one type of sweetener over another for various uses» Estimate 
the production and coaaiamption potentials for com and sucrose sweeteners 
midar varying conditions of prices and demand conditions» Information 
collected and analyses perfonaed will be sunimarized in report form for 
possible publication and subsequent use# 

âpprovedi 

DirectOTi Sugar Branch ____________ 

Jlsst*Adiar# for Hktg#, fMl 



Form SU-6^                                                   U.   S.   DEPARTMENT OF AGRICULTURE 
(1-24-50}                                           PRODUCTION  AND  MARKETING ADMINISTRATION BUDGET  BUREAU  NO.  U0-R1903.1 

APPROVAL EXPIRES  JANUARY 31»   1951 

SUGAR DELIVERIES BY TYPE OF BUYER 

COMPANY 

QUARTER 

IMPORTAKT:      SEE  INSTRUCTIONS ON REVERSE  SIDE BEFORE EXECUTING   THIS  FORM 

NEW  ENGLAND MIDDLE   ATLANTIC NOR"m   CENTRAL SOUTH WEST TOTAL 
UNI TED   STATES 

PRODUCT OR   BUSINESS 
OF   BUYER CRYSTAL- 

LINE 
(too LB. 

BAGS) 

LIQUID 
(100   LBS. 

REFINED 
EQUIV. ) 

CRYSTAL• 
LINE 

(100 LB. 
BAGS) 

LIQUID 
(100   LBS. 

REFINED 
EQUIV.) 

CRYSTAL- 
LINE 

(10Û tß. 
BAGS) 

LIQUID 
(100 LBS. 

REFINED 
EQUIV.) 

CRYSTAL- 
LINE 

(100 LB. 
BAGS) 

LIQUID 
(100  LBS. 
REFINED 
EQUI V. ) 

CRYSTAL- 
LINE 

(100 LB. 
BAGS) 

LIQUID 
(too   LBS. 

REFINED 
EQUIV.) 

CRYSTAL- 
LINE 

(100 LB. 
BAGS) 

LIQUID 
(100  LBS. 

REFINED 
E OU IV.) 

1.   Bakery and allied products, 
cereals  and cereal products 

2.   Confectionery and related 
products 

, 

3.   Ice cream and dairy 
products 

4.   Beverages 

5.   Canned,   bottled and 
frozen  foods,   jams, 
jellies,   preserves,   etc. : 

,'''' 

6,   Multiple and all  other 
food uses 

7.   Non-food uses 

8.   Hotels,   restaurants, 
institutions 

9„   Wholesale grocers,   jobbers, 
sugar dealers 

' 

10,   Retail grocers;   chain 
stores,   super markets ' 

'    ^ 

11.   All other deliveries, 
including deliveries   to 
Government agencies 

 :-  

■ 

12.   Total  deliveries 

13.   Deliveries  in  consumer-size 
packages   (less  than 100 IbsJ ■ 

■   1 - ,'      -\ - 

(i) 



rorrn 6RAIN-288                                             U-   S*   DEPARTMENT  OF  AGRICULTURE 
^1-25-49)                                        PRODUCTION AND  MARKETING  ADMINISTRATION 

BUDGET BUREAU  NO.   40-R1907 
APPROVAL  EXPIRES  FEBRUARY  28,   1950 

DEXTROSE SALES,   DOMESTIC,   BY TYPE OF BUYER 
(IN   lOO-POUKD BAGS) 

COMPANY 

QUARTER 

PRODUCT   OR   BUSINESS   OF   BUYER NEW   ENGLAND MIDDLE  ATLANT iC NORTH  CENTRAL SOUTH WEST TOTAL  UNITED  STATES 

i.   Bakery and allied products; 
Gereals  aad cereal products 

2.   Confectionery and related 
prodacts 

3-   Ice crcÄin and dairy 
products 

4.   Beverages 

5,   Caaned,   bottled,   & frozen foods; 
jams,   jellies,   preserres,   etc. 

'   '      ,     ' 
1 

J 

6.   Multiple and all other 
products 

T.   Non-food products 

3.   Wholesale grocers;   jobbers;   retail 
grocersj   chain stores;   super markets 

"     , ' 
' 

9,   Other sales  includiag sales  to 
GßYeTihr^nt   agencies 

. 

Total domestic  sales- ' 
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Tabla 52^  - Cane Sugar Refineriesj by Company and Location^  lMltd^Stai;es igSO-Sl 

Company Refinery Location 

American Sugar Refining Compaasy—■—.——.—— — 

(Franklin Sugar Refinery)---------—————-—■— 
(McCahan Sugar Refinery )--•-«--•-««-----•--•--"--——•— 

Anierioan Molasses Company (îJuloj oline)™«—— ^———- 

(FüloHK3li ^e i  Sucrest).. •••••< 

J. Aron and Company————.-——^-.« ,-., :^^^««—.^- — 

California à Hawaiian Refining Corp« .^td. -—-«——-•——-^ 
(Western Refinery^——---—---- 

Colonial Sugars Company—■ -^-.-^-.•.——--,«««-.- ^. 
Fellsmere Sugar Produoers Association—-——-.--———-— 
Godchaux Sugars, Ino»—•-————-^—.-.-.—«-—-—--^—^—.- 
Henderson Sugar Refining, Inc.——————— . 
Imperial Sugar Company——-———^^—^-.———.-—-.—^-^- 
Industrial Sugars, ine«———————-'- ———-—^—-- 
Inland Sugars, Inc. ---^-^«-v-*-----"*---*--------*----*------- 
Krim-Ko Corporation «-—.———~-——.«—<——«*—-—^^—— 

Liquid Sugars, inc. --------•-••-•------•-•--•--*•---'•--••••---•--■ 
Louisiana Liquid Sugars, Ine»-----————————--—^—— 
National Sugar Refining Coiapany -—————- ^—^ — 

(PeamsylTania Sugar Division)———————^———^. 
Pepsi-Cola Compaay--------------■•------------•—~—.—-— 
Refined Syrups a: Sugars,  Inc.  ————^-—.—^—, —. 
Revere Sugar Refinery 
Savamiah Sugar Refining Corp»  (Port Wentworth)——*—•*— 
South Coast Corporation ———.———.•^—--.—.— .-.. 
Southdo%9n Sugars ,  Inc • ^——^-———.-----«—-«. .- «.-— 
Sterling Sugars, Igo* —-•——-————•—^^^^^^^ *—. 
Tea Garden Product s Company-—•—^——-.-.———.——«- -. 

Brooklyn, N. Y* 
Boston, Mass» 
Baltimore, Md# 
Philadelphia, Pa» 
Philadelphia,  Pa. 
ChaLfflêtte, La« 
Chicago,  111* 
San Francisco, Cal# 
New York, N»Y# 

Tallieu. La* 
Crockett,  Gal. 
San Francisco, Cal. 
Grameroy, I^« 
Pellsmere, Fla« 
Reserve, La» 
New Orleans, La. 
Sugar Land,  Te:ms 
St.  Lotxis, Mo. 
Milwaukee, Wise. 
Chicago, 111. 
Indianapolis,  Ind. 
Jeanerette, La. 
Long Island City, N.T. 
Philadelphia,  Pa# 
New: York, N.Y. 
Yonkers,  N.Y. 
Boston, Mass. 
Savaimah,  Ga* 
Mathews, La. 
Houria, La. 
Franl¿Lin, La. 
San Franc iso o,  Cal• 

Total Refineries 32 
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Table 33, - Location of Be^t Sugar Factories^ TSiited States, 1950-51 

Factories Qt)oratingf^ 1950-51 

California Michigan Utah 

1# Alvarado !• Alm !• Canterfield 
2. Carlton (Brawley) 2. Bay City 2#  Garland 
3» BettaraTia 3# Blissfield 3* Layfcon 
4* Clarksbtücg 4. Caro  ^ 4# Lewiston 
5« Dyer 5# Carrolltcn 5# West Jordan 
6* Heaailton City 6« Croswell 
7* Manteca 7.    Lansing Washington    Vfyomlng 
8# OÄmrd 8# Menoiainee 
9» Spreokels 9* Mount Cleiaans l.Toppenish   !• Loirell 
10. Tr«.oy 10* St. Louis 2# Torrington 
!!• Woodland 11. Sebanaing 3# Worland 

Wisconsin 
Colorado Mnnesota 

!• Green Bay 
!• Brigjiton 1# CSiasta 
2. Brush 2* aist G&:and Porks 
3. Delta 3. Moo2*iead Total factories operating -73 
4# Eaton Huraber of States        16 
5. Port Collins Montana 
6. Port Morgan 
?•  Greeley 1. Billings î^otories not operated 
8* Johnstoim (molasses) Z*    Chinook 1950-01  ' 
9. Longiaont 3» Bardin 
10» Loveland 4# Missoula 1* Port Enpton, Colorado 
!!• OTid 5# Sidney 2* LymuL,  Nebraskst 
12# Rooky Ford 3# Wheatland, Wyoming 
IS* Sterling Nebraska 4# Sheridan, Timing 
lern  Sugar City 5 • Blackfoot, Idaho 
15» Swink 1# Bayard 6» Paulding, Ohio 
16» Windsor 2* Gering ?• Holland, Mich* 

3» Grand Island L  8# Mt. Pleasant, Mich» 
IdaJio 4. MLtohell 

S# Scottsbluff Factories Abandoned 
1* Idaho Palls 
2* Nampa Ohio !• Spanish Pork, Utah 
3» Preston 2. Shelley, Idaho 
4# Rupert !• Fiadlay 3. Burley, Idaho 
S* Twin Palls 2# Fremont 

3. Ottawa 
Xoiia 

Oiregon 
!• Mason City 

1# Nyassa 
Kansas 

South Dakota 
U a&rden City 

!• Belle Pourohe 
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T&bl© 34« - The Cora W©t-Milliag Industryr   Companies, location of plants, 
and oorn sweeteners produced^ 1950*"51 

^ Î     ""cSBa SWEETMERS SOLD    (indioated T)y "^) 
Location t      Com Sirup        Itoiixed Refined 

of t    Low      i Regu-tHigh conversiontSpray     corn 
Plant îôonver- t    lar t i    or      sugar 

Í    sion    Î * f pan    (dextrose) 
Î t : idried 

Company 

AjEDorican MBLíAO- 
Produots Go» 

Aaheuser-Busch Inc » 

Clinton Poods,Inc» 

Com Products 
Refiniag Co# 

The Hubinger Co» 

Peniok & Pord,Ltd» 

Roby,  Ind» X 

St« Louis,!£>• X 

Clinton,Ioiia x 

(Argo,ni* X 
(Pekin^Ill* X 
(îCans»City,Mo* x 
(Corpus Christi,Tex» 
(Keoftakflowa x 

Cedar Rapids, x 
Iowa 

A.P.Staley Mgf.Co»      Decatur, I^l»        x 

Union Starch & 
Refining Co» 

X 

X 

X 

X 
X 
x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
Xl/ 

Omni te City,Ill. 

V^ Dextrose prodœed from sorghum. 
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Table 55. Total Sugar Available for Domestic Consiaaption: Adjustment for 
Eatimated Net Change in Invisibles, ttaited States. 1955-^0 

ïear 

1955 
1956 
1957 
1958 
1959 
1940 
1941 
1942 
1945 
1944 
1945 
1946 
1947 
1948 
1949 
1950 4/ 

Total Sugar Available 
for Domestic Consiaaption 

(bags, as produced) 

y 
125,987,047 
127,751,561 
126,665,285 
125,857,675 
129,961,954 
150,242,759 
152,515,097 
102,640,155 
119,681,042 
155,057,472 
112,458,519 
105,090,947 
159,249,454 
157,702,013 
142,555,490 
155,445,575 

Estimated Net 
Change in Invisibles 

(bags, refined) 

2/ 

/  261,680 
- 280,570 
V  149,550 
- 555,140 
4 5,757,010 
4 4^971,960 
7^,527,100 
-20,149,550 
4 1,028,040 
4     261,680 
- 1,140,190 
- 150,840 
/ 6,655,510 
- 4,766,360 
- 2,093,460 
/ 7,477,000 

Adjusted 
Totals 

(bags as producai) u 
125,725,567 
128,014,751 
126,415,755 
126,192,815 
126,204,924 
125,270,779 
140,987,997 
122,789,685 
118,653,002 
154,775,792 
115,598,509 
105,221,787 
152,615,944 
142,468,575 
144,482,587 
147,968,575 

1/   Source:    See Table 44, 

2/   Source:    Sugar Branch, HiA—Converted from raw value by application 
of conversion factor 1,07« 

^   For the purposes of this stxuiy, this column represents sugar usage 
by civilians and the military. 

4/   Prelijninary, 
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Table 36. Cane Slrap and Edible Molasse s:    Utaited S tates pro duotion, imports. 
exports. , and supply aTailable for domestic consumption. 1935-50 

- : Production 1/ 
Inqports    : Exports Tear    : Cane    : Edible    : :      Supply 

simp    : Molasses : Total    : 2/        : : available for 
■          :: 

: domestic con- 
* : sumption 

1000 1000 1000 1000 1000 1000                 1000 
gals. gals. gals. gals. gals. gals,                lbs. 

1955..* 23,727 5,512 29,239 1,819 98 30,960        359,136 
19S6 ... 24,509 5,526 30,055 1,809 121 51,723        367,987 
1937 ... 21,670 5,228 26,898 2,156 no 28,944        335,750 
1958 ... 23,844 3,880 27,724 2,169 61 29,832        546,051 
1939 ... 20,524 3,882 24,406 2,288 103 26,591       308,456 
1940 ... 22,264 4,891 27,155 3,778 17 30,916       358,626 
1941 ... 13,360 2,706 16,066 5,557 15 21,408       248,333 
1942... 18,638 5,400 24,058 7,202 79 31,161        361,468 
1943 ... 18,416 7,732 26,148 1,224 80 27,292        316,587 
1944 ... 21,027 10,690 31,717 2,852 53 34,516        400,386 
1945 ... 19,897 6,922 26,819 1,871 175 28,515        350,774 
1946 ... 28,711 15,181 43,892 622 290 44,224        512,998 
1947 ... 24,450 13,589 58,039 650 1,100 37,589        436,032 
1948 ... 20,270 5,146 25,416 1,031 51 26,396        304,628 
1949 ... 13,390 4,016 17,406 1,197 y> 18,603        215,785 
1950 ... 11,770 4,339 16,109 2,358 6/ 5/ 18,467        214,217 

SiJgs^ Braoich, FMA 

1/ Biireau of Agricultural Economics : Production of cane sirup and edible 
molasses is of the fall of the preceding year• 

2/ Figures for 1935-38 were derived from Sugar Branohstatisticsi for 
1939-47 from U« S* Tariff Coiamisision and 1948-50 from S^ar Branchj oru.ginal 
source was Department of Conmerce« 

3/ Sugar Branchy PMâ: Computad ITQM Departaant of Conaûeroa statisti^a^ 
19S5-48. 

4/ Converted from gallons at 11^6 pounds per gallon^ 

5/ Department of Commerce, 1949-50, includes cane sirup and ^ible molasae^ 
exports under the classification **Sirup for table use and edible molasses*^' 

6/ Includes Jauíuary-Híovember totals only« 
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Table 37* Refîneras Sirup: United States Production^ Exports and Supply 
Available for Domestic Consumption, 1935-50 

Year   Production of 1/  Sirups Zj 
Refiner's Sirup   Exports 

Supply Available 

1000 gallons 1000 gallons 1000 gallons 1000 pounds 4/ 

1925 2,887 377 2,510 29,417 
1956 (2,700) 284 2,416 28,316 
1937 2,735 380 2,355 27,601 
1938 (2,900) 307 2,493 29,218 
1939 3,428 2,378 1,050 12,306 
1940 (2,800) 1,179 1,621 18,998 
1941 (2,600) 192 2,408 28,222 
1942 (6,400) 342 6,058 71,000 
1943 12,225 398 11,827 138,612 
1944 14,996 30O 14,696 172,239 
1945 22,020 421 21,599 253,140 
1946 18,211 5,896 14,315 167,772 
1947 (10,000) 342 9,658 113,192 
1948 4,107 307 3,800 44,536 
1949 3,901 575 3/ 3,526 38,981 
1950 3,546 205 3/ 3,341 39,157 

1/ Bureau of Agricultural Economics: From 1^9 to 1942, inclusive, 
figures for odd years, except 1941, are from Bureau of the Gensusj for 
even years and 1941 and 1947 qxxantities are estimated» Data from 1943-48 
from the Sugar Branch, EMA» 

2/ Assumed to be largely refiner's sirup. Includes a variety of 
sirups for table use and use by food industries. Does not include molasses, 
cöx»n sirup (other than for table use), sirups and flavors for beverages, 
or honey, all of which are separately reported in official united States 
export statistics. 

3/ Dept. of Commerce classification now includes quantities of 
exported edible molasses. 1950 figure includes January-November totals 
only. 

4/ Converted from gallons at 11.72 pounds per gallon. 
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ïftbXe 3§, Hon^: Itaited States Production, Imports- Exports and Supply 
Available for Domestic Gonsuaption. 1935-50 

(1,000 pounds) 

Year Domestic      Imports and Domestic Supply 
Production    In-shirments Exports Available 

1935 159,753        1,856 1,574 160,035 
1956 177,495        2,362 1,128 178,729 
1937 162,996       2^385 2,538 162,843 
19S8 223>003        Zy4S>Z 3,442 221,993 
1939 180,474       2,603 2,561 180,516 
1940 205,767       2,698 3,363 205,102 
1941 221,959       5,144 530 226,573 
1942 177,672       21,202 335 198,539 
1943 189,867       38,254 59 228,062 
1944 188,917       24,811 177 235,551 
1945 233,070      21,051 197 253,904 
1946 213,814       19,935 198 233,551 
1947 228,582       20,377 1,292 a47,667 
1948 206,305        9,283 11,108 204,480 
1949 226,978        9,666 1,212 255,452 
1950 1/ 254,153       (9,500) (1,300) 242,555 

B.A«E«^ Department of Commerce 

1/   Preliiidnaiy---imports and inshipments are exports estimated. 
954135 O—51—14 
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Table 39, Production, Imports and Total Supply Available for Domestic 
Consumption. 1955-1950  

iear 

1935 
1936 
1937 
1928 
1939 
1940 
1941 
1942 
194S 
1944 
1945 
1946 
1947 
1948 
1949 
1950 

Production 
(1000 pounds ¥ 

MAPLE SI3GAR 

Imports 
(1000 poureis) 

1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 

1,241 
721 
779 
705 
366 
454 
387 
654 
578 
565 
237 
372 
305 
229 
292 
278 

Production 1/ 
(1000 poundsT 

1,920 
6,207 
6,050 
3,946 
9,622 
4,087 
4,628 
7,121 
4,556 
3,883 
3,959 
4,207 
4,064 
6,239 
7,094 

(5,163) 2/ 

3,432 
2,401 
2,497 
2,770 
2,515 
2,597 
1,997 
2,915 
2,555 
2,568 

991 
1,328 
2,039 
1,445 
1,614 
1,946 

MAPLE SIRUP 

Jjiports 
(1000 pounds) 

224 
28 

8 
4 

241 

4S6 
108 
163 
112 
202 
467 
445 
375 
(474) 2/ 

Total Supply Ayailable 
(1000 pounds) 

3,161 
6,928 
6,829 
4,651 
9,988 
4,521 
5,015 
7,775 
5,134 
4,448 
4,196 
4,579 
4,369 
6,468 
7,386 
5,441 

Total Supply Available 
(1000 gallons) (1000 Pounds 

3,656 
2,429 
2,505 
2,774 
2,756 
5,021 
2,209 
3,551 
2,663 
2,751 
1,103 
1,530 
2,506 
1,890 
1,989 
2,420 

40,216 
26,719 
27,555 
30,514 
30,316 
33,231 
24,299 
36,S61 
29,293 
30,041 
12,133 
16,830 
27,566 
20,790 
21,879 
26,662 

1/ B.A.E.—Does not include varying quantities produced on non-farm lands 
in Somerset County, Maine, 

2/ Depb. of Commerce, total for January-October, 1950. 
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Table 40,             Sorgo Sirup:    Productioa^  lÄiited States» 1955-1950 

Tear Production Í000) 
(gallons) 1/                        (poTmds) 2/ 

19SS 18,588                               214,691,4 
1936 16,230                                187,456.5 
1937 12,936                               149,-310,8 
1938 12,481                               144,155.6 
1959 11,407                                131,750,8 
1940 10,199                                117,798.4 
1941 10,684                                116,734.0 
1942 10,568                                122,060.4 
1943 13,728                                158,558,4 
1944 11,868                                 137,075.4 
1945 11,649                               134,546.0 
1946 9,850                                115,767.5 
1947 11,934                               117,837.7 
1948 9,845                                 113,709.8 
1949 7,665                                  88,530.8 
1950 6,012                                 69,438.6 

1/ B#A*E. Produetion of fall of preceding year, assumed for 
constmpftion in cal^idar year follovringv 

2/ Converted from gallons at about llr55 potmds per gallon♦ 
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Table 41.    Com Grindings by the Wet Process; Domestic, Export and 
Total, united States. 1955-1950 

Wet Process Grladlngs. bushels ijms^ 
Tear*                     Domestic                     Export 1/ Total 

2,147,029 58,319,185 
2,404,218 74,497,594 
2,884,560 68,402,202 
6,955,650 75,521,541 
8,146,725 77,244,114 

11,552,«5 81,710,258 
10,955,247 110,500,266 
7,577,652 150,558,057 
6,056,555 128,454,854 
4,775,307 119,959,125 
5,462,798 118,941,891 
5,990,077 120,610,874 
6,031,570 159,275,179 
3,759,689 109,877,922 
4,834,289 116,174,095 
5,299,610 151,458,538 

Compiled frcan trade soTjrees by the Grain Branch, ÍMA. 

1/   Bushel—equivalent of products of com shipped to points out- 
side of the 48 States and the District of Columbia. 

1955 56,172,154 
1936 72,093,176 
1937 65,517,842 
1938 66,585,911 
1959 69,097,591 
1940 70,577,825 
1941 99,567,019 
1942 122,980,405 
1943 122,598,301 
1944 U5,18S,818 
1945 115,479,095 
1946 114,620,797 
1947 135,241,609 
1948 106,138,253 
1949 111,359,804 
1950 126,158,928 



Derivation of Statistics en Total Sugar^Sttpply Available for Donestlc 
ConsTjmption and usage by Householdersj Institutions and ladustryT 
Iftilted States» iggS^'SO» ~    ~ ——— -      ———^ 

1»  Prerlously published sugar distribubion data» as collected by the 
Departawnt of Agriculture for purposes related -to the Sugar Aot and its 
functions, are shown in Table 42» These data include sugar deliveries 
for domestic oonsugiption and for ea^ort» by type of prianary distidbution, 
and the figures are expressed in tenas of short tons, raw>ialue» Rroa 
the total of such deliTeries are subtracted the deliveries for eacport in 
order to deriTO total deliveries for United States civiHan and military 
consumption» 

Z.      Total supply of sugar for domestic oonsumpiAoni The data described 
above constitute the basic information from which total supply of sugar, 
liquid or crystalline, for domestic consumption, available during tiie 
years 1935-50, has been determined for purposes of this Project Ho^EHtc 137« 
As the information was to be used in compajring sugar distribution or 
usage wiut deliveries or usage of other types of sweeteners, it nas 
considered necessary to establish sugar deliveries on a basis of 
deliveries as produced or as sold lather than as short tons, raw value» 
In addition, to the total distribution figures, as previously published, 
were added imports of liqtdd sugar entered under the liquid sugar quota 
for Cuba and Dominican Republic plus large quantities of ^colored and 
flavored sirups,'•lïEported during 1942-44 and later classified as liquid 
sugar*  Tables 43 and 44 present deliveries by primary distributors and 
liquid sugar imports in short tons and in 100 pound units, as produced« 
Prom the basic published series, deliveries for domestic consumption on 
an as produoed basis were derived as follows s 

a» a^finers* Refined Crystalline and Uquid Sugar - Liquid sugar 
deliveries for the years 1941-50 are available within the Department on 
the basis of refined sugar content of the product sold» Slase no da-te 
on sugar content, as produoed, are available, data on liquid sugar, 
both domestio and imported, are given in this study in terms of su^ur 
content as reported» ?y subtracting liquid sugar figures from the total 
of HefinersV Refined, as previously published a residual figure representing 
Refiners * Refined Crystalline su^r was obtained for the years 1941-50# 
These residuals as well as the total Refiners' Refined figures for 
1935-40 were converted from raw value figures to units, as produced, by 
the application of the conversion factors listed in Table 45• 

bt Refiners* Raws - For 1955-50, figures for Refiners) Raws      ^ 
delivered for direct consumption, are published in terms of raw value (96 )> 
These were used without conversion as data in terms of units, as produced, 
are unavailable* 

e» Deliveries by Beet Processors -Figures in short tons, raw valu® 
were converted to 100 pounds, raw value and divided by the conversion 
factor 1»07 to glv« annual deliveries in terms of units, as produced» 
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d.    IjaportereV Raws ^ Refined Sugar and Tarbiimdoes - Figures on 
raw sugar deliveries, 96o basis^ and other delxTeries, as proáx0eá, 
are awilable within the Deparfcßiönt for the years 1940-50.    For the 
years, 1935-39, a oonrersionfaotor of 1 •068 (the arerage relationship 
of ^alue, as prod»ed> to raw Talue, 1940-50) was lased in oonverting 
raw value to tanits, as produced« 

e •    Mainland Cane Deli veri es » 1^1 ivories of raw su^r and 
deliveries of other types of sugar for direct consumption by nÄinland 
cane mills are available separately for the years 1939*50^  in tenns of 
raw value.    Raw sugar deliveries for these years has been listed as 
reported, while crbher deliveries are converted from raw value to units, 
as produced, by applying 1die conversion factor 1 •065 to reported ligures^ 
This conversion factor for deliveries other than raw sugar is a weighted 
average of the **as produced*^ equivalents of refined sugar, aaagxaa, 
washed crystals, turbinadoes and plantation granulated (Refined sugar 
constituted approximately 75 percent of the total each year).    For the 
years 1935-36, the total ra%\r sugar and other deliveries were converted 
together from short tons, raw value by applying the factor 1.058* 
This factor is the weighted average coxjver si on factor for combined raw 
artól other sugar deliveries by laainland cane mills for the years 1939-49• 

f*    Liquid Sugar Ii^orts - Such imports^  on a basis of refined 
sugar content, are available within the Department for the years 1935-50. 
For the years, 1942-44, the sugar content of flavored and colored sirups 
i^orts, estimated from Tariff Commission analyses made during 1944, 
was added to liquid sugar imports. 

3. Total KstJB&ted Civilian Usage of Sugar, 1955-50 - Table 43 
presented total beet and cane sugar distribution and liquid sugar inçorts, 
1935-50.    F^om the totals therein,  direct deliveries of sugar to the 
militaîy have been subtracted«    However, sugar used in industrial 
products for military consumption is  imcluded with civiliwi industrial 
usage.    The resultant figures have been adjusted for net clmnges in 
invisibles, 1935-50 (See  Table 46).The final adjusted totals represent, 
for purposes of this study, an estimate of total civilian su^r usage 
for the years, 1935-50, and include all use categories as calculated 
in the following study of su^r usage by householders, institutions 
and industry* 

4. Sugar Usage by Householders, Institutions and Industry, 1935-50 - 
Th# obôeotive of this study was to construct time series reflecting sugar 
oonB'ümption by end-users.    The data in Table 47 are estiiaates as no 
adequate data on consumption by end-users are available.    Miile these 
estiisates do not have a hi^ degree of atatistioal aoouracy,  üiey 
probably give a fair picture of the relativ© imgnituü®s and trends in 
usage by industrial users, household consumôre^  mid institutions« 

^^    Home use - In annual postwar rate of about 57 laiIlion bags, 
raw ^mlue, is indicated by the Cœisus of Manufacturers s  1947 and 
USDà "Sugar Deliveries by Type of Buyer«^    Both thee© sources reported 
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the quantity of sugar delivered by primary distribxitors^^^       oonexxmr^size 
pacldÈiges« 80/ TMforttaaately there are no siiailar data on whioh to base 
estiiaates of household usage in earlier years»    For the period 1935-46, 
•^e series is oomposed of residuals ^ after the subtraction of estiiaated 
industrial and institutional usage from total o onsumption» 

b»    Institutional Use - The only aaterial on institutional 
oonsumption is an unpublished USEA estiraate of 8^000,000 bags for the 
prewar years»    SEhis annual consumption figure was based on data oh 
institutional population and school enrollment, and ceartain assumptions 
regarding attendance at restaurants and vacation resorts, together with 
estimated per oapita sugar consumption«    For the control period, suid 
extrapolation was a»de on iáie basis of OPA regulations regarding 
institutional users»    For the post-control period, the sharp increase 
was based on general iiaformation regarding greatly iiocreased school 
enrollment and attendance at vacation resorts» 

o»    Industrtal Usage - General - Several  sources contributed to 
the estimates of industrial usage, either directly or as corroborative 
evidence»    The most important was the Census of îfanufactures»    Qiere 
follows a brief suamaiy of the sources used and of the general nature 
of the adjustments which had to be made to adapt them to the purposes 
of this study» 

(i)    Census of ManufacturesÎ 1937/1939, a^^^ 1947» Probably 
the most complete and accurate data on industrial sugar consumption 
are reported 1^ the Census, especially for 1939*    It will be noted, 
however,  that the figures used in läiis study are somewhat higher 
than the Census reports, as attempts were made to correct for 
under-eniameration» 8l/ Before doing so, however, it was necessary 
to reclassify the Census data somewhat» 

Two types of reclassification were needed, the first dealing with 
the  sugar reported consumed by the individual indus try i the 
second (and more important), with -fee classification of individual 
industries within tfae major classes» 

In its reports by industry. Census classifies each establishment, 
and tiie materials it consumes, according to the industry in irtiich 
it is primarily engaged» Reported sugar use by an industry, tiaerefore, 
il* not confined to the and-products of that industry, but also 
includes sugar used in the maniafacture of secondary products 
belonging to other industries»    In general, the resulting distortion 

80/ Census of Mantifactures s    1947 Vol»  II. - Sugar,  Conf ectibneiy 
and ReTated Products»  Table 6»    The Census defined a consumer-size packaf- 
as "25 pounds or less" for most of the standard types of su^r»  15ie VSDA- 
defined it as **less than 100 pounds^ " for all tjTpes» Since container si^e^ 
between 25 and 100 pounds are relatively rare,  these definitions were 
oonsidered to include the same size groups* 

81/ For a oomparison of Census reported sugar use and estii®.tea used 
in -öiis study, by major industrial classes,  see Table 48» 
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of reported sugar use largely cancels itself out when individual 
indust'ries are/ooBEined into larger industrial groups as the secondary 
products of one industry generally fall within the same major industrial 
class as its prinary product.    The net degree of distortion, by major 
classes, TOLs not considered sufficiently significant to justify 
correction except in the case of "Multiple and All Other Food Uses" 
and the "Caaining and Preserving" classes. 

The second type of reclassification consisted of transferring whole 
industries from one major class to another, to fit the industry groupings 
used in this study. 82^ This reclassification affected the Census data 
chiefly in the "Miscealaneous Pood** category. 

After being reciassified^ the C^asus data were adjusted for the 
degree of under-reporting considered inherent in the method of 
eniameration itself, and to a lesser extent for consistency with data 
from other sources.    It will be noted that the smallest adjustment was 
made in 1939 and the greatest in 1947.    Since the objective of the 
study was to estábilsh reasonable trends in usage by each industry 
^oup, ana changes in the relative magnitude of usage by different 
groups, adjustments in official Census data were not always made even 
when small changes might have been indicated»    Such small changes it 
is believed often result in a spurious accuracy of detail Téiich cannot 
be justified in the light of the wide degree of error to which any 
individual figure is probably subject. 

Reports on sugar consumption were obtained from jaore industries 
in 1939 than in any other Census.    That year, all the major food 
industry groups and tobacco manufacturers reported sugar consumed. 
In 1947, however, data on su^r consumption were not collected from 
manufacturers of grain mill products, alcoholic beverages, miscellaneous 
foods  (except flavorings), or tobacco.    For each Census year estimates 
of su^r conjsumed in the industries not reporting had to be estiiaated 
on the basis of data derived from o-ther sources* 

It was also necessary to correct Census data for under-enumearation 
within the industries covered.    In 1937 and 1939, the Census of 
Ifenufactures excluded establishments whose value of production was 
under #5000.    Beginning wi-üi 1947, the monetary limitation was replaced 
by another excluding establishments tAiioh, during the year, had had 
no employees*    Rie C^asus Bureau and other sources indicate that neither 
of these definitions of size-limit excluded significant quantities of 
sugar use from the reports*    This is probably tarue except in the case 
of the bakery industry*    In the 1947 Census a further cause of under- 
enumeration was introdwed by the fact that the Standard Industrial 
Classification, revised in 1948, resulted in the elimination of a 
considerable nuraber of establishjaents from the C^isus of Manufactures 1947, 
which would have been included in 1939 and previous Censuses* 

turn tni   9_<vjm^mmmM»^ÊKmmmmKmf«mmi^>^mK^mm»mmt 

82/   Por a deteiled breakdown of the major classes used in this study, 
and an analysis of the reclassification of Census data and OPA Registrations, 
see Table 49. 
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Establlsluaeats-«iiioîi sold through single retail outlets iiere, in 
1945, transferred to the Retail Trade DíTíSíon« This change probably 
had the greatest effect on the baking industi^ as it excluded the 
production of many hotels, restaurants and institutions, which "were 
to a certain extent included in preidous Censuses. Insofar as it also 
eliîidnateà the outpufc of many sioall fandly-^ establishments, it 
resulted in some under-reporting in the soft drink and preserving, as 
yrell as the baking industries. 

(ii) Sugar Deliveries by lype of Buyert 1949 and 1950 - These reports 
made to the USDA cover 95 to 100 percent of total deliveries by all types 
of primary distributors except mainland cane mills. Reported deliveries 
to industrial users, however, probably represent a somewhat suai 1er 
percentage of the total than the 80 percent of total industrial sugar 
consimiption reported by the Census in 1947* Primary distributors reported 
deliveries to industrial users only insofar as the latter purchased sugar 
directly from them. In addition, manufaotur er s must have ultimately 
obtained a large portion of the su^r which primary distributors reported 
delivering to secondary distributors (exclusive of consumer-size package^«) 
Mth respect to specified industrial classes, the degree of under-reporting 
is probably even greater than for industry as a -sriaole since primary 
distributors reported deliveries under ^*Multiple and All Other Food Uses,»* 
Tidien end-use was not entirely clear. For these reasons "Sugar Deliveries" 
proved inconclusive as a basis on "viöiiGh to estimate industrial sugar use, 
though it provided a rough guide to relative quantities of sugar consumed 
by different industrial classes. The preliminary estimates of industrial 
sugar use for 1950, however, are based almost entirely on reported 
"Su^r Deliveries" for that year as very little other data were available. 

(iii) Registration of Industrial Users -OPA - This is the only 
report which gives sugar consumption by type of end-use. For this reason, 
and also because it is a more complete tabulation of sugar usage for the 
classes of users covered than any other source, the data obtained by the 
Registration should have been of groat value for the present study. 
In practice, this was not so as the Registration included upward biases 
that could not he eliminated. 85/ The chief contribution of this study 
made by the Registi^tion was the tabulation in four industries of users 
by volume of sugar use. jHiis frequency distribution was of great value 

85/ Registration was required of all comneroial establishiaönts that 
wished authorization to use rationed foods dixring the war period* Sugar 
users originally were required to state the qiaantity of sugar they had used 
during 1941 in the manufacture of all produöts except those classified as 
"provisional.^ Fou it©st industry groups, the Registrations ga-re far higjher 
sugar use during the base period than had been estimated for 1941 on the 
basis of the 1939 Census. Boim  of the difference reflected the usage of very 
small firms not covered by the Census. More important, however, was that the 
Registrations, when tabulated in 1945, included as part of base use, consider- 
able sugar in addition to that consumed in 1941. Regulations had permitted 
upward adjustmen"te in base use to be made in certain oases where a 1941 
base would impose imdue hardship. Also, a certain number of new users (chiefly 
veterans) who had not been in business in 1941, were given bases. There is, 
moreover, a presumption that some industrial users reported their 1941 sugar 
purchases (instead of use), thus including some inventory building. 



- 208 - 

in indicating the approxisate degrae of under-eataneration of snail 
firms by the Census» 

(iv) Production Series and Indexes — Por all the imjor industrial 
classes, considerable use ims  laade of series reporting production of 
end-produots• Sugar use was estimated by applying factors of approxiiaate 
sweetener content to reported volume of production of finished goods» 
The resulting series on total sweeteners was then adjusted to allow foj* 
com sweetener utilization, and also to eliminate double-counting váxen 
one finished product (such as sweetener condensed milk) was used as the 
sweetening-ingredient in another finished product* This method is 
admittedly cuimbersome and subject to a high degree of error* The degx-ee of 
error was lessened to some extent, however, by reconciling su^r use 
estimated on this basis with that reported by Census for Census years* 
For inter-Census yearsj> it was thought to provide a reasonable basis for 
interpolating sugar use. 



Table 42,            Calendar Year Distribution of Silgar by Primary Distributors, United States, 1955- -50 
(Short tons, raw value) 

Refiners« Refiners' Beet Mainland For Ü. S. 
îear Bairs Refined 

4,564,943 

Processors 

1,478,660 

Importers 

614,628 

Cane» D.G. 

86,028 

TOTAL 

6,754,442 

Export 2/ 

120,514 

Consumption 9^ 

1935 10,183 6,653,928 
19S6 11,CS2 4,519,145 1,364,847 719,138 167,300 6,771,462 65,267 6,706,195 
1937 13,946 4,714,835 1,245,498 615,432 155,890 6,745,601 74,199 6,671,402 
1SS8 10,480 4,594,891 1,448,865 562,652 91,839 6,708,727 65,474 6,645,253 
1939 6,176 4,468,679 1,810,456 572,807 141,461 6,999,579 132,061 6,867,518 
194Ö 7,779 4,718,846 1,551,518 693,917 96,872 7,068,932 178,264 6,890,668 
1941 8,575 5,518,103 1,952,597 564,044 96,478 8,139,795 70,338 8,069,457 
1942 5,587 5,424,582 1,703,140 466,596 74,854 5,674,759 208,555 5,466,204 
1943 15,196 4,621,179 1,525,735 515,640 1/ 123,817 6,801,567 468,854 6,534,713 
1944 9,875 5,606,726 1,156,309 522,931 164,968 7,460,809 313,459 7,147,350 
1945 5,021 4,726,318 1,042,471 458,587 98,244 6,330,641 290,635 6,040,006 
1946 3,939 4,012,110 1,379,447 480,152 148,289 6,023,937 403,229 5,620,708 
1947 9,025 5,446,889 1,575,060 533,192 115,922 7,680,088 232,254 7,447,834 
1948 2,343 5,151,817 1,656,663 511,695 97,755 7,420,271 77,300 7,342,971 
1949 2,212 5,485,728 1,486,889 514,450 134,708 7,623,967 43,742 7,580,225         t 
Í9S0 2,635 5,925,527 1,747,690 553,838 104,398 8,533,888 60,398 8,273,490         < 

]y Includes flavored sirup froia Mexico♦ 

2/ For 1934-41, exports as reported by Department of Commerce; for subsequent years, deliveries for export 
as reported by primary distributors. War years include deliveries for liberated areas, lend lease and 
military relief• 

3/ Includes deliveries for U* S •military forces at home and abroad 



Table 1^3,-     Domestic Gane and Beet Sugar Distribution by Prlmaiy Distributors auld Liquid Sugar Imports^ United States^  193$-19SO      1/ 

(Short tons, raw value) 

Year 

1935 
1936 
1937 
1938 
1939 
19iiO 
19U 
19li2 
19ii3 
19l'-!i 

ReÜiners» 
jRefined        .  , '     '     ~        ' 
Crystalline    Liquid       Raws 

Beet Mainland 
Processors    Importers »        Cane 

5, 

3, 
5. 

19U5 h, 
191*6 3, 
19k7 k, 
19U8 U, 
19k9 .$, 
1950 y$. 

li,U53 
ii,6Uo 
k^ 
14,336 
li,51iO 

253,8M 
132,335 
966,315 
026,122 
170,028 
366,85ii 
9ii5,U3U 
710,052 
068,383 
386,361 

,li29 
,878 
,636 
,ia7 
,618 
,582 
193,917 
I53,liii2 
205,lltli 
267,830 
265,897 
2li5,U31 
299,^21 
369,281 
37li,587 
Ii.79,9l8 

(Short tons. 
10,183 1,1*78,660 6ll*,628 86i028 
n,032 l,36U,8!i7 719,138 157,300 
13,91*6 1,2U5,U98 615,B2 155,890 
10,1*80 1,1*1*8,865 562,652 91,839 
6,176 1,810,1*56 572,807 1U1,1*61 
7,779 1,551,518 693,917 96,872 
8,573 1,952,597 561*,Ol*l* 96,1*78 
5,587 1,61*8,377 1*51,609 71*,851* 

15,196 1,508,618 1*91*, 1Ö1 123,817 
9,875 1,155,621* 522,931 16U,968 
5,021 1,01*2,283 U58,533 98,21*1* 
3,939 1,376,01*5 1*80,150 11*8,289 
9,025 1,51*5,066 532,866 115,922 
2,3U3 1,655,81*6 511,693 97,755 
2,212 1,1*85,905 5ll*,ii30 131*, 708 
2,635 1,71*6,382 553,838 I0l),398 

Total Crystalline Liquid 
and Domestically- Sugar 
Produced liquid   Imports 
Raw Value) 
6,633,928 1*9,758 
6,706,195 69,560 
6,671,1*02 38,733 
6,61*3,253 38,783 
6,867,518 1*2,11*6 
6,890,668 38,633 
8,069,1*57 39,11*0 
5,U66,20l* 3,1*813/ 
6,313,191 58,7715/ 
7,li*7,350 65,U9liJ/ 
6,,0ü0,006 « 
5,620,708 .      -    ' ' 
7,1*1*7,631* _ 
7,31*2,971 18,106 
7,580,225 32,U76 
8,273,531 39,386 

Total 

6,683,686 
6,775,755 
6,710,135 
6,632,036 
6,909,6614 
6,929,301 
8,108-, 597 
5,ií69,635 3/ 
6,371,962 5"/ 
7,212,810* 5/ 
6,0li0,006 
5,620,708 
7,Ui7,83ii 
7,365,192 
7,612,701 
8,312,927 

t 

o 
I 

1/   Published sugar distribution figures (see Table I42) less exports plus imports of liquid sugar.    Includes deliveries 
for use by U, S * Expeditionary Forces and excludes deliveries for liberated areas, lend-lease and military relief • 
1935-UO   AU exports subtracted from refiners» refined ciystelline, 
19lil-U9    K^qjort figures, available by type of primary distributor^  subtracted from refined crystalline figures for each 
category* 

2/    Freliminai^r 
5/    Includes an estimated quantity of liquid sugar impoarbed as flavored and colored sirups from Mexico and Cuba. 



Table lili« - Domestic Cane and Beet Sugar Distribution by Primary Distributors and Liq,uid Sugar Iini)ortSy United States^ 1935**195Ö 1/ 

(IQO-lbft units, as produced) 

1935 
1936 
1937 
1938 
1939 
Í9U0 
19ia 
19i*2 
19ii3 
19iá 
19W 
19U6 
19li7 
19U8 
19U9 

Refiners» 
Refined 

Year       Crystalline     Idguid 

814,067, 
81i,2li6, 
87,799, 
85,5ia, 
81,803, 
8i^S32, 

98,8146,655 
58,887,9tó 
7U,603,313 
9ii,098,258 
7751496,850 
62,931,850 
92,tóO,019 
88,038,355 
914,736,131 

1950 2/100,679,6U5 

560 
280 
380 
I4OO 
000 
160 

3,6148,378 
2,88ii,7l8 
3,858,610 
5,01ii,267 
U,9lil,Í495 
14,587,501 
5,598,526 
6,902,1451 
7,OOÍ,62l4 
8,970,U23 

Raws 

Mainland Cane 

Beet 
Processors 

Importers' 
Refined and 

Raws   Turbinados  Raws 
(lOO-lb. units, as produced) 

plantation. 
Granulated, 

etc« 

Total 
Grystalline Liquid 

& Domestically* Sugar 
Produced liquid Imports Total 

1,626,238 
2,973,53Í4 
2,9146,881 
1,736,087 

275,308     2,398,058 

203,660 27,638,500 Ui509,888 
220,6Í40 25,511,160 13,1467,0014 
278,920 23>280,3Í40 ll,52Í4,9l4l4 
209,600 27,081,580 10,536,55U 
123,520 33,8140,300        10,726,723                  ^,^ -. .-^^ 
155,580 29,000,3^0 257,778     12,729,196- 335,067 l,50l4,578 
171,li60 36,l497,lli0 U39,7UU     10,131,907* 517,988 1,325,1430 
13a,7l40 30,810,785 399,671       8,068,995-   8Í4,192 1,326,661 
303,920 28,198,U67 5Í47,029       8,7214,287- 2ii2,296 2,097,691 
197,500 21,600,Í4li9 198,660       9,588,750-252,831 2,860,5914 
100,1420 19,U81,925 130,556       8,itl48,706- 219,56Í4 1,638^803 

78,780 25,720,1467 118,2149       8,8614,262-   83,OI4O 2,706,798 
180,500 28,879,7U0 1U7,985       9,821,899-   97,527 2,085,358 

146,860 30,950,393 325,818       9,259,872-.   66,669 lf?73,17U 
ià,2l40 27,773,925 1400,609       9,2lil,m-312,318 2,236,lt68 
52,700 32,6142,6142 1*18,603       9,957,ít8l4- 279,160 1,698,1400 

125,OÍ45,8l46 
126,Í4l8,6l8 
125,830,1465 
125,105,221 
129,166,909 
129,5lli,999 
151,578,702 
102,5714, 70Í4 
116,575,613 
133,811,309 
112,1458,319 
105,090,9147 
139,2Íi9,l45U 
137,363,592 
lia, 7146,1459 
15U,699,057 

9ia,201 
1,315,71*3 

732,820 
732,1452 
795,025 
727,7Í40 
736,395 
65,i4i9 

1,105,1429 
1,226,163 

338,1421 
607,031 
7ii6,5l6 

125,987,0147 
127,73li,36l 
126,563,285 
125,837,673 
129,961,9311 
130,2li2,739 
152,315,097 

3/102,6Í4Q,153 3/ 
3/119,601,OÍ42 5/ 
3/135,037,1472 3/ 
" 112,1*58,319 

105,090,91*7 
139,2ii9,l45H 
137,702,013 
1142,353,1490 
155,1045,573 

Includes deliveries for use by U«S« Expeditionary 1/   Published sugar distribution figures less exports plus ÍBC)orts of liquid sugar. 
Forces and excludes deliveries for liberated areas, lend-lease and ndlitary relief, 

I935-I4O - All exports subtracted îraai refiners» refined crystalline, u     x      «„ 
19ia-i*9 - Export figures, available by type of priinary distributor, subtracted from refined crystalÜJie figures for each category. 

2/   Preliminary 

3/   Includes an estimated quantity of liquid sugar imported as flavored and colored sirups frcm Mexico and Cuba. 

I 
to 
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to raw value l/, 1935-50 
*^i.w^ oui^a.i 

1935-36               1,057,347 

1937                  1,057,100 

1938                  1,059,000 

1939                  1,060,259 

1940                  1,061,725 

1941                  1,063,030 (1,07 for exports) 

1942                  1,063,829 

1943                   1,063,308 

1944                  1,068.271 

1945                  1,076,180 

1946-1950              1,070,000 

Source t    Sugar Braneh, PMA» 

1/   Repr es entine the relationship between meltings of raw sugar 
and production of refined sugar« 



Table A6*—Total Estimated Civilian Usage of Sugar; United States, 1935-50 
(Thousajads of lÛO-lb» units, as produced) 

Tear 
Total sugar aim liable far 
domestic and military use 

Deliveries to 
armed forces 

Total sugar available 
for civilian use 

Net change In 
invisibles 

1935 125,990 
1936 127,730 
1937 126,560 
1938 125,840 
1939 129,960 
19*0 150,240 
1941 152,320 
1942 102,640 
1943 119,680 
19U 135,040 
1945 112,460 
1946 105,090 
1947 139,250 
194« 137,700 
1949 142,350 
1950 y 155,450 

2/ 

1,790 
4,180 
5,860 
8,620 
8,330 

650 
1,090 
1,400 
1,080 
1,210 

125,990 
127,730 
126,560 
125,840 
129,960 
130,240 
150,530 
98,460 

113,820 
126,420 
104,130 
104,440 
138,160 
136,300 
Ul,310 
154,240 

'i 

2/ 
4 zbo 
- 280 
/ 150 
- 350 
3,760 
4,970 

/ 11,330 
- 20,150 

y   1»0^ /   260 
- 1,140 
- - 130 
/ 6,640 
- 4,770 
- 2,090 
/ 7,480 

Total estiaated 
civilian con- 

sumption 

125,730 
128,010 
126,410 
126,190 
126,200 
125,270 
139,200 
118,610 
112,790 
126,160 
105,270 
104,570 
131,520 
141,160 
143,440 
U6,760 

I 

t-' 

1/ Sourcet Table 44* 

2/ Soarce: 1J.S.B,A, 

2/ Source t   Eatlinetes of Sugar Branch, P.M «A. 

S*^ Preliminary 



Industrial ÏÏsa^e 

Bakery and Allied Products; 
cereals and cereal products 

Confectionery and related 
products 

Ice cream and daily products 

Beverages ;' 

Canned, bottled, frozen foods; 
jams, jellies^ preserves, etc» 

Multiple and all other food uses 

Non-food prodncts      , 

TOTAL INCaSTRIAL USE 

Table kl*^ Sugar Distribution and Estiinated Usage^ 0nited States^ 193g> 1937» 1939-50 
" (Thousands of löO pound units, as produced) /,   '       : 

1935      W7     1939       I9I4O       19ia     19h2        19h3        Í9hh      19kS I95Ö-' 

11,500 12,70b 13,180 13,830 lU,670 12,900 13,830 

10,370 10,750 10,900 11,870 13,360 11,680 U,960 13,71*0 12,520 

2,520 3,180   3,360 3>7i|D 14,390 3,830 U,300 5,050 5,980 

>,580 6,l450   9,250 10,000 12,800 11,780 12,800 13, U60 11,780 

li,i;90 5,980   6,260 7,010 7,850 7,380 8,790 n>31D 9,250 

1,310 2,060   2,190 2,610 3,000 3,150 3,230 3,080 2,ii30 

560 560      560 750 1,130 600 1,090 650 _J50 

I9I46      X9k7       ISW        Igtó       

114,210   1U,390     m,110   16,920   18,800   19,lt60   19,li60 

 .   35,330   lil,680 ii5,700   U9,810   57,200   51,320   56,000 61,500   56,800 

BDTELS, RESmURAHTS, IMSTIÎtJTIQNS    8,0l|.0      8,0Íj0    8,0U0      S.iOD      9,630      7,li80      7,200 9,350      9,350 

^^ ^SE                                               82,360   76,690 72,U60   67,050    72,370   59,810   1^9,590 55,310   39,120 

TOTAL ESTIMTBD ÜI IIJ^^ USAGE 3:/l25,730->126,l4ia326,200-125»270-139t200-II8.6lO-n2,790 126,160^105,270 

11,310 12,990 13,9liO 11^,030 

6,820 6,350 5,990 5,710 

12, 2ii0 15,330 17,21Í) 17,020 

11,1;00 11,590 12,720 12,250 

2,710 3,650 3,930 U,300 

280 k30 hlO 750 

58,870 67,260 73,060 73,520 

8,220 10,280 11,220 12,630 

37,W0 53,980 56,880 57,290 

lOU, 570^1,520-lla,l60-lii3,l4l|0. 

lli,690 

5,710 

1 

17,020 
1 

13,280 

lt,íi90 

750 

75,liOO 

12,610 

58,750 

.1U6,760 

1/   See Table ii6, 

2/   Prfcliminary. 



Table 48«~Induetrial ConsuinptiGn of Sngar by Major Classes* Heported and Adjusted 
(thousands of"lœ-^poiind units, as produced) 

1S60 1949 1S47 1939 1937 

Glass   1/ rDeliveries : Deliveries -Census t Census j 
:by type of Adjusted ; by type of Adjusted :      of       Adjusted i      of       Adjusted: 
:    buyer :      buyer : mfrs» :    mfrs* : 

Census 
of       Adjusted 

ffifrs. 

Bakery aiKi allied products 1£,724 

Confectiouery and relÄted product^ 14,377 

Ice cream and dai ry i>rodu cts 5,074 

Beverages 15,116 

Canned, bottled,froaen foods 11,010 

Multiple and all other food uses 4,993 

Nfin-food products 780 

Total 

19,460 

14>69C 

5,710 

17,020 

13,280 

4,490 

760 

12,U6 

12,791 

4>446 

14,265 

8,867 

4,015 

737 

19,460    11,391 ?/ 16,920    ll,75ll/    13,180 

14,030    12,629        12,990    10,271        10,9Q0 

5,710      6,361 6,360      3,272 3,360 

15,350      9,165 9,250 

11,590      5,990 6,260 

2,190 

17,020    14,927 

12,250    10,089 

4,300 

750 

3,650     2y809Í/ 

430 3985/ 560 

10,282^^ 12,700 

10,417 10,750 

1,354- 3,180 

6,356 6,450 

6,026 5,980 

1,898Í/ 2,060 

387Ë/ 560 

64,074 75,400 57,227        73,520    56,397        67,260    43,654        45,700    36,720        41,680 

I 
to 
Cl 

1/ For individual industries inç] vided in each c3ass, see Appendix Tab!« 49» 

2/ Excludes sugar used in decsert preparations»    J-n 1947 and 1957, also excludes sugar used in grain mill products, 

3/ Excludes sugar used in lee cream, iiiiich was not reported. 

4/ For 1939 incl-udes iDsat products and miscellaneous food préparât!pns (except flavoring extracts and  flavoring simps). 
For 1937 includes    floiir and other grain ini 11 products and miscellaneous Êod preparations (except flavoring 

extracts and flavoring sirups«) 
5/    Tobacco only. 



TablB 49o-<îlossîfication of IndustrlÄl Users of Stigar 

(Ceiîsua of Manufactures:    19^7, and OPA Registration of Îïïaustrla 1 users Regroaped to Conform with 
Classification used in Stigar Deliveries by Type of Buyer) 

Class   Sugar I^liveries by Type of Buyer 
No.        (reportea by prlBiary distributors 

to U, S. Dept* of Agriculture) 

1 Bakery and allied products:    Bread, 
rolls, sweet goods, dessert prepare- 
tions, doughnuts, biscuits, crackers, 
cookies, pretzels, crullers, baking 
mixes and batters, bakers' supply 
houses, breakfast and other prepared 
cereala and cereal paste products. 

Census of Manufacturetet 19¿7 Office of Price Administration    _ , 
Regis trat ion of Industria 1 üsers-í/ 

BAKERÏ PROmCTS: Bread and 
other bakery products;  (except 
biscuits, crackers, and 
pretzels); biscuits, crackers, 
and pretzels^ 

GRàlN MILL PROKJCTSî    Flour 
and meal; prepared anlBial feeds; 
cereal preparations; rice 
cleaning and polishing; blended 
and prejiared flour» 

MISCELUÏEOTS FOCB PBEPARATIOBSs 
Food preparations not elsewhere 
classifled1    "Desserts (ready to 
mix)" and "Bakers Supplies" 

R-1200 classes 1, 2, 3t Bread 
and other bakery products, baking 
mixes, including batters, break- 
fast cerealsf and cereal paste 
products such as spaghetti and 
macaroni» 

G oaf ectionery and related products : 
Candy, candied fruits, and other 
confectionery products, chocolate 
and cocoa products, chewixig grim, 
c onfectioners' supply houses. 

CONFBGTIOKEEX ÍHD REUTED 
PRODDCTS:    Confectionery 
products, chocolate and cocoa 
products; chewing gum. 

MISCELUNEOJS FOOD PREPARATIONS: 
Food preparations not elsewhere 
c lass if led î    ^ onf ectioners 
supplies." 

R-1200 class 9t Candy; chocolate; 
cocoa; chewing gum» 



Table 49•—Classification of Industrial Users of Sugar - contd. 

Class   Sugar Deliveries lay Type of Buyer 
No.        (reported by prlroary distributors 

to !!• S. Dept. of Agriculture) 

3 Ice cream ai^ dairy products:  Ice 
cream, ice cream mix:, ices, siier*> 
bets, frozen custa3rd,siieetened 
condensed milk (bulk and case goods), 
creamery butter, cheese aIMî cheese 
spreads, chocolate milk, miscella- 
neous dairy products* 

Census of Manufacturées 19¿7 Office of Price Administration       , 
Registration of Industrial üsers¿/ 

DAIRÎ PRODUCTS:    Creamery butter; R-.1200 class 4:  Ice cream;  ices; 
natural cheese, concentrated 
milk;  ice cream; special dairy 
products; plastic cream and 
bulk products. 

sherbets, frozen custards; and 
mijces used for these purposes. 

R-1200 class 5 (in pert): Con- 
densed milk in containers of 
one gallon or less; cheese; 
other dairy products not in- 
eluded in other items.    (Frozei 
eggs and sugared egg yolks ex- 
cluded*)    Bulk sweetened con- 
densed milk not reported on 
R-1200. 

Be-veragesi    Alcoholic and non- 
alcoholic beverages, drink 
mixes, fountain sirups, flavor- 
ing and coloring extracts. 

BEVERAGES :    Bottled soft 
dr inks, ma It liquors ; ma It ; 
wines and brandy; distilled 
liquors except brandy» 

MISCELLANEOUS FOOD PREPARATIONS: 
Flavorings; flavoring extracts, 
sirups and fruit juices n.e.c, 
for soda fountain use or for 
the manufacture of soft drinks, 
and Colors for bakers» and con- 
fectioners* uöe. 

R-1200 class 6 (in part): 
Bottled beverages (alcoholic 
and non-alcoholic) ; flavoring 
aix3 coloring extracts; 
fountain sirups; drink mixes; 
brandied fruits; maraschino 
cherries; fountain fruits. 
(Pickled fruits and vegetables, 
and relishes excluded.; 



Glass    Sugar Dellverlea by Type of Buyer 
No>        (reported by prijnary diötributors 

to 0. S* Dept. of agriculture) 

5 Canped, bottled and frozen foods. 
Jams, jellies t preserves > etcy; 
Canned, firozen, bottled and dried 
fruits, vegetables, ftruit juices, 
vegetable juices, soaps, soup 
mixes, baked beans, pickled fruits 
and vegetables, relishes, vegetable 
sô^ces, end seasoning, jams, 
jellies, preserves, marmalades, 
fruit butters, mayonnaise, and 
condiments. 

Multiple and all other food uses; 
Deliveries to buyers making products 
falling into tuo or more of the 
above categories and for which 
estimates of amounts going into 
each category are not feasible. 
Also deliveries for miscellaneous 
food uses, such as meat curing, 
sirup blending, etc. 

Table 49.--ClÄssification of Industrial Users of Sugar ^ contd. 

Census of Manufactures t 19¿7 Office of Price Administration 

CANNED AM) PRESER1ŒD FOODS: 
Canned sea food} cured fish; 
canning and preserving, 
except fish; dehydrated 
fruits and vegetables} 
pickles and sauces} frozen 
foods. 

Registration of Industriai üsers^/ 

Canned, bottled, frozen and pre- 
served foods not reported on 
R-1200 except for items listed 
below.;' 
R-120G class 11: Dehydrated and 
dried soup and soup mixes. 
R-120P class 6 (in part): Pickled 
fruits and vegetables} relishes. 

R»1200 class 7: Mayonmise and       « 
salad dressing. {^ 

00'' 

MISCELLANEOUS FOOD PHEPARATIOl^SS: 
Leavening compounds, shorten- 
ing and cooking oils, oleomar- 
garine, corn products* Vinegar 
and cider, manufactured ice, 
macaroni and spaghetti, liquid, 
frozen, and dried eggs, food 
preparations not elsewhere 
classified (excluding "desserts, 
ready to mix," "bakers' and 
confectioners*  supplies," 
"flavoring extracts and other 
flavoring agents n.e .c. ") 2/ 
MEAT PRODUCTS: Meat packing, 
wholesale} prepared meats} 
poultry dressing, wholesale. 

R--1200 class 12: Canned and 
bottled foods  (not reported in 
other items);  table s irups• 

R-1200 class 5 (in pert): Frozen 
eggs and sugared egg yolks. 
R-1200 class 8: Products fried 
in fat (except bakejry products) 
such as nuts, potato chips. 

R-1200 class 10: Sandwiches. 

R»1200 class 16: All other 
classes} food. 

Meat packing not reported on 
R-1200 



Table 49# - Classification of Industrial TJisers of Sugar - contd« 

Class 
Ho» 

? 

Sugar Deliveries by Type of Buyer 
(reported by primary distributors 
to Ü* S. Dapt # of Agriculture) 

Hon-food usest  All non-food uses, 
such äs tobacco, pharmaoeutical, 
etc'« ■" 

Census of Manufactures : 1947 

TOBACCO MMTUPACTIBERS GEDUP:   ■ 
Cigarettes;  cigars; chewing 
and sniolcing tobacc ot 
tobacco steimidng and redryingt 

1/ 
Office of Price Administration 
Reg^istration of Industrial Users 

R-'1200 class 13«  E3q>eriii^ntal, 
ediacati033alé 

R-1200 class 14t Pharmaceuticals 
(internal)» 

R-1200 class 15i Pharmaceuticals 
(external)* 

R-12Ö0 class 171 All other 
classesÎ non-food• 

" "       " ;     ', ' ''  , ". * -, 

<£> 

_.,«—,-.-'.,  ,■ '' '„/,,„- ,.. ',.'■„ .. il I, ''i .      I    ' 

X/   OPA Form R-1200, issued pursuant to Ration Orders S, IS, and 16» (Form approved Budget Bureau 
Kb. 08-R 719) 

Z/ For detailed list of industries and products covered by the Census under '^Food preparations 
n»e«o»" See p» 198. 
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Table 49#-«€laseif icatio© of Industrial Users of Sugar - oontd, 

CE^JS WtMIFáCTüRESj    1947 

Food Preparatl<^>    Not Elsairi^ra Classified 

(Bart «f Staaterd ladustriaIClasslfleatioa No* 2099* axeludii^ 
process^ ©gfaf ffiiacei^t, aixî sandwich spr^td.) 

aaked beans (not canned) 
Bakers », confectioners•, aoâ household supplies, including 

Chili pepper and powder 
Coconut, desiccated or shretíded 
Marahftalloir ere»e 
Pie and nake f ÜUngs 
SugBT^ pordered 

Bâillon 0uMß 
Brown brimd (canned Boston and other) 

ChoeoJate and oocoa, iïBatant 

Besserte (ready to mix) 

"Health fTOdsw 

Ice«creaM con§e ai^ WÄfers 
Iteliin, Spanishi MexicaB, and Chinese cakes and other 

"natire" preparaticois 

Meat pies 
Molasses (al»wä Of blended) 

Peaimt i^oducts (except peamt candy and salted peanuts) 
PectJja 
Potato chips 

Ravioli 

Spices aM meat seasoning 
aieeteniag sinapi^ include hoMy, «pie s to       and sorghiaa 

l^toblistoents práMrily ei^ged in roasting coffee (except 
coffee roastij^ done by lÄolesale grocers) 



« ZZl ^ 

ïablo 50»-«EstlBat#à Sugar usage by iMustrial Users aiid by Householders 
and InstitutioMß, in Thousaiiâs of IDO-^pcAntó Units and as a Percent 
of Total Sugar A^roilable for Domestic Civilä^n Consumption, 

UnitadStates, 3535^ 1937| 3^39-5^ 

SUGAR USAGE BY: Í 

s 
Total st^ar 
availBble for 

ïear Houseiiolâdrs and   : 
institutions      î 

Industrial       î 
users             t civilian 

consumption 
(Thousands of     (Percent 
100-lb. units)    of total) 

(Thousands of    (Percent 
100-lb. units) of Total) 

(Thousands of 
100-lb, trnits) 

1935 90,400              71.9 35,330 28.1 125,730 

1937 84,730              67.0 41,680 33.0 a26,iS,10 

1939 80,500              63.8 45,700 36.2 126,200 

19ilO 75,460              60.2 49*810 39.8 125,270 

19a 82,000               58.9 57,200 41.1 139,200 

1942 67,290               56.7 51,320 43.3 118,610 

1943 56,790              50,4 56,000 49.6 112,790 

1944 64,660              51.3 61,500 48.7 126,160 

1945 48,470              46.0 56,800 54.0 105,270 

1946 45,700              43.7 58,870 56,3 104,570 

1947 64,260              48.9 67,260 51.1 131,520 

194« 68,100              48.2 73,060 51.8 Ul,160 

1949 69,920               48.7 73,520 51.3 143,440 

1950 1/ 71,360              48.7 75,400 51.3 146,760 

Sciuro« t    See* table 4Î# 

1/   PrelimiBiary» 



Table gl ^ Iraiex of Industrial Usage of Sugar^ by Category of Industry, United States, 193gj 1937> 1^39-50 
(1935-39 . = 100) 

Product or Susiness of Bityer 193g 1937 1939 19i*0 19hl 19ii2 19i*3 im 19U5 19U6 19if7 im 19il9 1950 i'^ 

Bakeiy and allied Products; 
cereals and cereal products 92,3 101.9 K)g.8 111,0 U7.7 103.5 111,0 llii.O 115.5 113.2 135.8 150^9 156.2 156,2 1 

Confectionery and related 
product» 97»2 10Ö.7 102.1 111.2 125*2 109. ii 112.1 128.7 117.3 106.0 121,7 130.6 131.ÍÍ 137.6 

CO 
to 

Ice cream and dairy products 834 105.3 111.3 123.8 lli5.il 126.8 1Í2.U 167.2 198.0 225.8 210,3 198.3 189.1 189.1 
1 

Beverages 67.8 9S.k 136.8 lii7.9 189.3 17Í1.3 189.3 199.1 17li.3 181.1 226.6 25Í1.6 251i8 251.8 

Canned, bottled, frozen foods; 
Jaics, jellies, preserves, etc. 80.g 107,2 112,3 125-7 liiO.8 132^3 157.6 202.8 165*9 20a.ii 207*8 228.1 219.7 238.1 

Multiple and all other food uses 70,7 111.1 118.2 IÍ4O.8 161.9 170.0 I7I1.3 166.2 131.1 U6.2 196.9 212.1 232.0 2I42.3 

Non*food products 100,0 100.0 100,0 133.9 201.8 107-1 I9I1.6 116.1 80.it 50*0 76.8 83*9 133 »9 133.9 

TOTAL INDUSTRIA! USAGE 86.U 101.9 111.7 121.8 139o8 125.5 136.9 150.3 138.9 lii3.9 m.ii 176.6 179.7 I8Í4.3 

Source:    Table li7. 

1/    Preliminary* 



Table 52.- liidustrial Usage of Dextrose, by Category of Industiy 
^ United States, 193$ •• 19tt2        ' 
(100 lb. units, as produced} 

Product or Business of Bvyer 1935 1936 1937 1938 1939 19ltO 19ltl 19U2 

Bakeiy and allied products; 
cereal end cereal products I,l62,ii30 

161,011 

93,623 

1U0,120 

ii5.761i 

27,U71 

53,075 

1.683,U9l* 

l,íi72,327 

221,61*8 

121,205 

169,071 

60.655 

liU,139 

68,675 

2.157.720 

1.550.830 

230,623 

160.lt89 

263,228 

7ií.7lí2 

79,287 

8li,ii01 

2.Uli3.600 

l,625,ii62 

237,928 

172,251 

337,3li9 

151.977 

68,555 

73,83li 

2.667.356 

l,8l6,lUii 

269,61il; 

183,70U 

392,1»2U 

365.730 

87,899 

90,3oó 

3,205.911 

2,118,635 

268,871 

185,170 

Ui5,19li 

385,619 

137,5it0 

93,575 

3,6lii.60li 

2,720,159 

311.391 

270.316 ' 

672,186 

855.752 

150,851 

17U,299 

5.15U.95ÍÍ 

3,0li5,12U 

65U,125 

277.168 

913,393 

860,269 

179,663 

159,775 

6,089,517 

Confectionery and related 
products 

Ice cream and 
dairy products 

■ Beverages '. 

Canned, bottled, frozen food s j 
jams,  jellieSj preservesj etc. 

Multiple and all other products 

Son-food products 
1 
ro 
to 

TOTAL DOMESTIC 1 

Soiirces    Repoarts of dextrose manufacturers to Sugar Branch, PMâ. 



Table 53 

?rodiict or Business of Buyer 

iùke^/ and allied products î  . 
''cere.áls 'and' 'cere'al' products^ 

QonfBcilonBTj snd xelsted' 
products '   ' .   ',    "  \ .  '    '" 

Ice cream and 
dairy products 

Beverages   y' '   ' ' ' ' '     '    "     ^ :   ' 

Canned, bottled, frozen foods; 
jams,  jellies, preserves,  etc * 

Multiple and all other products 

Non-food products  

TOTAL DOMESTIC 

Industrial Usage of Dextrose, by Category of Industry, 
United States, 19h3 - 1950 

(loo lb. lanits, as produced) 

19U3 19hh 19)iS 19Í16 19ii7 19li8 19U9 1950 

331395357 3.Ogg.260 -2,687,61.0.' ;,' 2,6Öli,073 3,569.392 3,5Q3|862 3,650,096 Íí,2QU.953 

5^X3077 Û8G;103 ''': Ii38,li39 ', „JiEi^' i.|li7,262 '       29Q,U27  „      290,928 322,869 

263,U0U 238,702 221,l;59 257,593 2U1,97X 289,Q9li ; 26U,QQe 279,388 

8U5,562 719,871 986,9li8 1,206,525 1,050,295 677,025 771,000 835,186 

692,715 578,201 662,630 ii98,683 5U7,5Ö1 721,909 822,669 793,312 

212,196 19g.ií73 2Xli,885 I85;lli5 _J37áM Z96ak6 321,069 IiX6,721 

266,315- 2 7);, 181; 270.758 283.20^. 335.373 3ii2,901 322,661 U3U.69S 

5.9UQ,626 5,538,8lli 5,632,762 5,567,669 6^ií28,897 6,121,U6U 6,ii62,65l 7,287,32ti 

0^ 

Source r   Reports of dextrose manufacturers to Sugar Bmnch, PMâ. 



Table $k      -     Index of Industrial Usage of Dextrose, by Categoiy of InduAtrj^, 
United States, 193g - 19U2 

(1935-39 = 100) 

Product or Business of BTJyer 

Bakely and allied products; 
cereals and cereal products 

Confectionery and related 
products'; ' '' ^ ' ; ,  ; , ' ,. 

Ice cream and dairy 
products 

Beirerages; '^   ' , '   ^   ' '    '     '/    '' '   , 

CaTined, bottled,  froaen foods, 
¿aias,  jellies^ preserves, etc> 

Ifcltiple and all other 
products     '      .' 

ílónr-íocjá products \^^    ;     ,   ' 

?OTAi:'ÎX!lffiSTlC. 

1935 

76,2 

71.8 

6h*Q 

53.8 

32*7 

kh. 

71*7 

69.2 

1936 

96.5 

98.9 

82:9 

6I4.9 

Íi3.íi 

1937 

101.7 

102.9 

109*7 

101.1 

53,5 

129 

113 e9 

100 

,0 

1938 

106.5 

106.1 

117.8 

129.5 

108,7 

111.5 

99.7 

109.7 

1939 19l;0 

119.1 138.9 

120.3 120.0 

12 $.6 126.6 

150.7 1Î0.9 

2f5l.? 2 75'.9 

2ií3.0 191,2 

122.0 126.3 

131.9 Ui8.6 

19U1 

178.3 

138.9 

18U.8 

258.1 

612.2 

2i;5.U 

235.3 

212,0 

19it2 

199.6 

292.0 

189.5 

350.7 

615.5 

292.3 

215.7 

25O.ÍÍ 

to 
in 

SûTirces    Table. 52. 



■ Table 55   - Index of Industrial Usage of Dextrose, by Category of Industry, 
United States, 191(3 - 1950 

(1935-39 «100) 

Produçt or Business of Buyer i9ii3 ; 191*1; .       'l9íi5 19li6 19U7 19U8 191*9 195Ö 

Bakery and allied products; 
cereals and cereal products 2Ö5-.8 200.1 189.3 176.0 23U.O 230.0 239.3 275.6 

Confectionery and related 
produöts   ■ ■   ,            ■■'■;,       :    . ■• 232.U 211i.2 195.6 201.7 199.5 129.6 129.8 ll*l*.0 

■■1 

^5 

Ice cream and dairy 
products."         ■'    ,      ■■   ', ■.. '  ',; 180.1 163.2 ISI.I* 176.1 I65.lt 197.7 191*. 2 191.0 1 

Beverages 32U.7 276,U 379.0 i{63.3 li03.3 260.0 296.0 320.7 
Carmed, bottled, frozen foods, 
¿aiES, ¿ellies, preserves, etc' U95.6 1*13.7 l*7U.l 356^9 .   391.7 516.5 588.7 567.6 
Multiple and all other 
products 3ii5.2 318.0 3li9.6 301.2 385.7 U81.9 ?22.3 677.9 

Non-food products                         ,     * 359.5 

2liU.3 

370.2 

227.8 

365.5 

233.7 

382.3 

229.0 

1*52.8 

26ÍI.Í4 

U62.? 

251.7 

1*35.6 

265.8 

587.1 

299.7 TOTAL DOMESTIC    '    . 

Source^: "Table 53. 



Table 56,-~Irduí5trial TJsage of Corn Sirup Uïiiaixed,  by Category of Industry,  United States,  1935-19Í42 
(lÖO"lb« units^  as produced) 

„Product, OP'^ Business' of 'Buyer 

Bake'i^?- .and' allied'productS'^^ '/ 
ceregls -ani cereal products . 
Cö'nf ectionery' and/related' ' ', 
products ''    ^^,.' ' ; ' '^ ' . ' ^ ^,'  , '__ ,V \ 

'Ice cream'and dairy .prodixts ' 
'SFeweries and 'breiieiy'' suppXy""'' ; 
houses . '      ''''      '   .: ,, .' '    ' ." 

"' '^o^"fc '' drinks; ^ ' ' ' '    • ' '' '      '.   ' '' ; 
C'anneä,^ ' .Bbttïëa^ " frozen" foodsj 

'jains^^ ; ie^ieg^__^^'.preserves^, ' etc^, 

,, Blended,'.sirups'','. - , ^'/ , .      „ , '' 

.'.Miscellaneouä,'' food products' 2/ 

'Non-^fO'Od pro duct s',,2/   ,,   " '  '--„   \ 

TOTAL''DOMESTIC   ''   " :'., .,' ', , '''   . ' V 

TOTAL DOMESTIC^ DRI BASIS 3/   ' 

1/ Total of last three months of 19Ul.   - 

',2/ 1935^-^2 ©istimated, ' , '    '''" 

3/ Based on 43^ sirups Yilth avex-age solids content of 80.3 percent.    Confuted Sugar Branch, PMà* 

,n*ît« -" riô't'available - \    ,; ^ '"      ;   ' ■ ,   ,,        ,' ^ ; '"/ ,': ,.   '      ' ,        ., ',       ,' ''  ; ,,, 

Soui^ces    îleports of ' Com Refiners to "Price'Wat erhouse.j', distributed; through'Grain'Branch, PMâ* 

1935 1936 1937 1938 1539 19U0 19ííl 19lt2 

kHsAo 573,989 

5.61j6.5l9 

51*9,818 

5,587.31lt 

560,0U6 

5,605,985 

579,81*6 

¿670,616 

579,856 

5,91;6,972 

677,612 

6.íi96,35l 

2,156,108 

7.710+. 768 ii,72U,277 

8,131 9,270 9,997 10,81i2 Il4,it56 23,767 38,833 915,321 

k02,n6 li52,668 ía9,637 332,9U1 286,680 2Ú3,279 280,790 287,028 

n.a. n*a. n.a. n.a. n.a. n.a. 23l¿/     322,lí69 

216,966         517,238 178,818 212,599 175.070 15U,558 151,610 178,599 
1 

2^1,180 3,663,082 2,650,072 3,063,357 3,376,li80 3,057,172 3,531,71*2 6,806,852 to 

28ij,331 305,720 303,3ltU 295,601 339,266 338,011i 378,013 577,lljO 
'"■"''"'1' 

U13,816 U58,iiOO 392,091 380,352 U55,232 Íi59,12li 538,902 791,897 

9,12U,820 11,222,2li6 10,087,3U3 10,i+03,66ii 10,87li,l86 10,826,783 12,l59,là3 20,118,821 

7,327,230 9,011^U6ii 8,100,136 8,351i.li;2 8^731j.971 8,693,907 9,761,033 I6.l55,la3 



Table $7        Iticiustrial Usage of Corn Simp Unmixed, by Category 
of Industry,  United States^ 19)|3-195b 

(100 lb. units, as produced) ^ '  ' 

Product or Bufsiness of Buyer 19h3 19kk 19hS 19U6 I9ii7                        I9U8                    19U9                      199) 

Bakery and allied products, 
cereals and cereal producios 1/739,380 I,6í5>3ii6 1,666,610 l,gg$,gU8 l,g92,150           1,010,171          1,006,983              I,0g7,6]i2 

Confectionery and related 
products 7/7eg,632 7.89U,563 7.716,186 7, $g6,29Í4 8,189,321           7,Jh5,S06         7.221,207             7,^96,gl3 

Ice cream and dairy products $l$,h99 $9^,903 7U3,l62 ^93,225 ^^^^^^g^j^M               3Q5>22li              311,631                 323,iiU 

Breweries and brewery,'supply. ,  , '' ■'/!, 
faQuses 318,713 376,815 3 7ii,l6l 271,876 3g9.7g2               327,770             li29,U7g                37íi,989 

Soft drinks 56>S5l 6l,8g3 83,2g6 l62,180 77;195                   1,887                 g,l423                  18,261           00 

Canned,  bottled, frozen foods, V 
Jains, jellies, preserves, etc, 526,633 666,g28 8^2,587 9U1í,5QO 1,105,1^8               625,329             697,359                 990,9h2 

Blended sirups 5,900^130 5,925,972 5,9l|0,993 5.551i,80U 6,bg8,Q26           2,721,866         3,139,903             3,229,063 

730,336 Miscellaneous food products ^                  ¿ílí5.3e5       U9,50Q         U20,917 510,532             577,355               377,929             h6d,k6h 

Non-food products   ¿Z                                    612,671       508,009         U79,508 U58,025             Íí71,01í3               ¿|29,517             ^32,112                 519,758 

TOT^iL DQlffiSTIC                                         17,900,59U 18,Q6U,1í89    18,267,380 17,6o6,68U       19,392,133         12,9Ug,199        13,712,557           lU,8UO,9íi5 

TOTAL DOMESTIC, DRY BASIS j/                 li;,37h,177 m,5Ö5,785   ll;,668,7Q6 lii,138,l67       15,571,883         10,39it,995       11,011,183           11,917,279 

Source:    Reports of Com Refiners to Price - Waterhouse; distributed through Grain Branch,  PMA* 

1/   19íi3-M4 estimated* 
2/    Based on ii3^ sirups with average solids content of 80*3 percent. Computed Sugar Branch, PM» 



Table 58. - Index of Industrial Usage of Com Sirup Unmixed, by Categoary of Industry 
United States, 1935-19U2 

(193$-39 = 100) 

Product or Business of Buyer 

Bakery and allied products; 
cereals and cereal products 
Confectionery and related 
products 
Ice cream and 
dairy products       ' 
Breweries and breireiy Supply 
houses 

Soft drinks 
Canned, bottled, frozen foods, 
jams, jellies, preserves, etc« 

Blended sirups 

Miscellaneous food products 

Non-food products 

TOTAL DOMiSTIC 

86.18 

86.7U 

77.15 

106.32 

n.a« 

102.U6 

86.35 

93.02 

98.53 

88.23 

1936 

10U.93 

87.96 

119.U5 

n.a. 

121.81 

Il6.tt3 

100.02 

109.15 

108.51 

1937 

100.51 

103.66 102.58 

9tt.86 

11Ö.73 

100.31 

86.61i 

99.2U 

93.36 

97.53 

1938 

102.38 

102.92 

102.87 

87.85 

n.a» 

88.56 

100^15 

96.71 

90.56 

100.59 

1939 

106.00 

137.16 

75*65 

n.a. . 

_86>.87 

110.38 

110.10 

108.39 

105.1lv 

19W 

106.01 

lOU.n 109.18 

225.51 

6U»20 

n.a« 

102.33 

99.95 

110.59 

109.32 

101J..68 

19ia. 

123.88 

119.27 

368.U6 

7it.09 

n.a. 

II5.I46 

123.67 

128.32 

117.57 

19U2 

39U.16 

llt2,19 

868U.91 

75.7I4 

n.a. 

12U.31 296.36 

222.53 

188.82 

188.55 

19U.53 

Sourceî    Table 56 

n.a. - not available. 



Table $9 • - Index of Industrial Usage of Coam Siinip Unndjced, ty Category^ 
United States^ 19li3^195Ö 

(193$-39>ioo) 

Frodact or Business of Buyer 

Bakery and allied products; 
cereals and cereal produeta 
Confectionery and related 
producis 
Ice creajji and 
dairy products 
Breweries and brewery supply 
houses 

Soft drinks 
Canned, bottled,  frossen foods, 
jaaiSj jellies, preserves, etc» 

Blended sirups 

Miscellaneous food products 

Non^'food prodgcts  ^ 

19U3 19I1I* 19U5 19ii6 15I47 19U8 19U9 1990 

TOTAL DCMESTIC 

371.98 295.31 3OU.68 28U.32 291.07 18ÍÍ.67 I8U.O9 193.35 

II42.9U llà.9U lia.66 138.73 150.35 131.18 132.57 139.1j6 
t 

09 

1*891.2$ $6$U.16 7051.1a 5628.75 5333.83 2896,08 2956.88 3Ö68.93 
0 

eii.lD 99.U3 98.73 71.7lt 9li.93 86.Í49 113.33 98.95 

n.a. n.aé 

381.90 

n.a. 

U82.77 

n.a^ n.a. 

633.21 

n.a. 

358.29 

n.a. 

399.56 

n.a. 

3Ö1.7li 5ia.i7 567.77 

192.89 193.73 19U.22 181.60 211.13 88.98 102.65 105.56 

lil5.72 137.25 137.71 167.03 188.89 123.65 153.27 238.9U 

lit$.88 120.96 llii.71 109.06 112.16 102,27 102.89 123.76 

173.08 17li.66 176.63 170.2U 187.50 125.16 132.58 lli3,50 

Source:    Table 57 

n.a, - not available. 



Table I >0. - Industrial usage of Prtnary Simeteners and Individual Sireetener Usage 
of Total Industry TJsaKe, United States, 1935-50 

as a Percent 

Industry Usage of 
-■ '   , ; Total Industry 

Sugar Dextrose Com Sirup 
«u     ^^^^ 

Tear 
Thöasaiiids    of 
ODO lb, imits 

Percent 
of total 

Thousands    of 
IDO lb, units 

Percent 
of total 

Thousands   of 
100 lb, units 

. ■;  y ,.. 

Pircent 
of total 

Thousands of 
100 lb. «nits 

1935 35,330 76.6 1,683 .3.6':   ' ':': ■■9,125 '■■' 19.8 li6,138 

1936 n« a« 
„      '    :■■     '^     ' 

y'^ ■    '2,158 ',•„■' ■'■ 
..'  "■•■' "■ ; '■' 

11,222 ^  — ' •' , ;n.,á,■ . 

1937 Ul,680 16.9 2,1M ',',: ',:' >5,;' 10,087 18.6 :•,''■,-, 51»,2ii ;',■■; 

1938 n* a. 
'',''"— '  ■' 

2,667 ■ ■;   ••',, - •,. 10,U0U '—   ',■■:■■ .   ; n. a.,,,   ,. 

1939 ii$,700 76.h 3,206 .   ^'^ 10,87U 18.2 59,780 

19Í)D Ii9,8l0 77.5 3,615 'M' 10,827 16.9 61t,252 

19la 57,200 78*9 5,155 7.1 12,159 16.6 72,51U 

19k2 51*320 66.2 6,089 ■/, ,    •■■  '7-9 '■■', 20,119 ■'■;   25.9 •;, 77,528 

191*3 56,000 70.2 :    5,9¡jl ■'':,        7.U 17,900 22.U 79,81(1 
'      '   ' ' 1 

19ïih 61,500 72.3 5,539 ■■ :   ■■6.5'''' 18,061» 21.2 85,103                 pj 
da 

19tó 56,800 70.1; 5,683 7.0 18,267 22.6 80,750                 *-■ 

19li6 56,870 71.0 5,568 7.0 17,607 22.0 8o,oU5               • 

192i7 67,260 72.3 6,U29 6.9 19,392 20*8 93,081 

19U8 73,060 79-3 6,121 ;         6.6 12,91*5 Hi.l 92,126 

19li9 73,520 78.5 6,li63 6.9 ; 13,713 IU.6 93,696 

1950   1/ 75,Í400 77.3 7,287 7.5                     lli,8Ul 

56 and 57 5 */ Prelininàry. 

15.2 97,528 

Soarce :   ¿/   Table i^7; 2/   Tables 52 and 53;    3/   tables 
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Jwî.a 26^  1942 

TG THE JŒMBERS OF THE TEOmiCAL ^VISORY COffiaTTEE OP 
THE œiW INm STRIES RESEiffiCH FOÜK^ 

Gentleïoefâ r ft>m Syarup Analyele Report Ho^  5 

The itoalysie of Acid*^^yi^@ Converted Syrups 

Your Sub«CoBEnitte© on the malysis of com syrupa has colleoted 
and eTaXuated all of the data an the composition of acid^^enEj^e converted 
syrups and hae agreed upon what it believes to be a reliable détermination 
of liie cone ti tu tents*    The Sub-Cosiïdttee subsiits the following analytical 
figures on acid-^mEyme-eonverted com syrups for your approvml# 

TABIE !• 

Composition of Aoid**En2yH]© Converted Com Syrup 
(Dry SubistaBoe Basis) 

Per Gent Constituent 
Dextrose 

Èqui-^ralentCl) Dextro8©(E) 

61 3S.8 
62 36.6 
63 37»6 
64 38.4 
65 39.5 
66 40.6 

Malto8e(3)    Higher Sugars(4) Dextriiies(6) 

33.2                         17.2                    13.6 
33.8                          16.7                     12,9 
34.2                        16.1                    12.2 
M*8                         15.2                     11.6 
S5.Ö                          14.5                     11.0 
35.2                         13.8                    10.4 

(1) l^aae-Eynon Method 

(2) Sichert-Bleyer Method 

(S)    In the Sub-CoHi!QÍttee*s preliminary report, dated April 6, 1942^ 
the values for maltose content by Hard*a propionylation method - 
Hard and Liggett,  J« Am* Ghem»   Soc* 65, 2669 (1941 - and Cantor*a 
methylation method - Cantor and SmitïïJ Am« Chem#  Soc» paper. 
Sept» 1940 - were reported*    These values, which were obtatoed 
with two different samples of syrup, check very well and were 
used as the basis for the maltose content in the proposed 
analysis» 

(4)    Higher sugars (Maltotriose and Maltotetrose) and non-reducing 
dextrines account for all the carbohydrate substance other than 
dextrose and maltose»    The content of higher sugars found by 
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Bxrà  and Boimer of 17* Z% for a syrup containing 36• l?g dextrose 
and 33*4^ Bialtoee agrees -very well with the estimated dextrine 
content, and the higher sugar values are based upon this 
de terainati on • 

(5) Since there was a joarked disorepsinoy between the values for 
deacfcrines as determined by Hard and Bonner end by Cwitor and 
Smith, the research laboratories of the Com Products Refining 
Ctonçany and the A» E» Staley Manufacturing Coi^any each analyzed 
two BBmpX^s  of acid-enzyme converted syrups# The dextrine con- 
tent was determined by a modification of the tentative A*0«A»C® 
method! 

Eight grams of syrup is dissolved in exactly 8 cc of 
distilled water in a 50 cc ro\md bottom flask and 89 cc 
of absolute alcohol is addedé The flock is shaken for 
several hours or until the dextrine precipitates leaving 
a clear, supernatant liquid» The insoluble guMiy, idiite 
mass is treated twice again in the same manner« upon 
completion the final alcohol insoluble residue is dissolved 
in water, transferred to a weighed dish^ dried and weighed» 
The amount of redueiblesubstiöice in this residue is then 
determined by the lÄne-Eynon method» The weight of reducing 
substance is calculated as a dlsaocharide having ôOJÎ of the 
reducing value of dextrose, and this weight is deducted to 
give the dextrine value» 

The two sets of analyses varied considerably as to the weight 
of preoipitated carbohydrate, but the corrected values were 
in agreement that syrup in the 63 « 64 D»E» range contains 
appx^)ximately 12^ dextrine» 

The percentages of consti-bients in Table I have been plotted 
against dextrose equivalent in Figure I» Since the D/D»E» ratio changes 
somewhat with the brand of enzyme used for the conversion, the dextrose 
value is more significant than the dextrose equivalent» Therefore, the 
Sub-Committee recommj^ads, that in case of doubt, the analysis of a 
particular syrup be taken from the curves^ of the oi-dinate which passes 
through the determined dextrose point» 

As in the case of acid-converted syrups, it is reconaoended that 
the curves be read to an aoc\uracy of j 0»2yS so that the sum of the con- 
stituents adds up to lOC^» 

The commercial basis analyses can be readily calculated from 
the dry-substance values» 

The sub-cominittee realizes that the proposed analysis is not 
absolute, but it is accurate within the limits of experimental error of 
the best analytical procedures that have been developed to date» The 



^ 234 - 

noteworthy differœices between an acid-enzyme-oonverted syinip and a 
straight acid-conTerteà syrup of the same D»E»  is that the former is 
lower to dextrose and dextrine and higher in maltose and higher sugars« 
The total reducing sugar content of acid--en«yme-convertedsy^      is ijn 
the range of 87 to 89^* 

Respectfully submitted 

S.M» Cantor 
CORK PRDIOCTS REFDimG COMPMY 

W» W« Moyer 
A. E.STALEY MANUFACTURING COMPANY 

October S,  1941 

TO TEE îliaœERS OF THE TECHNICAL ADVISORY COIMETTEE OF THE 
COM  INIXFSTRIES RESEARCH FCHMDAT^^ 

Gentlmaeni 

In order to reach an agreement on a tempoi^rily acceptable set of analytical 
data for acid converted starch products falling in the corn sir^    range, 
the Sub-Coraidttee considering this s^ laat at Decatar on Saturday, 
Septe:^er 20, 19éU 

The Sub-Coimnittee considered all of the aimilable information on com sirup 
analysis saad arriTed at the following set of figures  (Table I) based upon 
the five methods cited below s 

(1) The Sichert-Bleyer method for the deterniination of dsxtrose 
in the presence of other reducing sugars♦  (îfodification of 
either Staley or Com Products)« 

(2) The analytical method for sugar mixtures involving the 
fractional distillation of their methyl ethers«    (Bird & 
C^ator,   J© Am«   Chem«  Soo«  60,  2677  (1938)|   Cantor and 
Sndth, presented before the Mvision of Sugar CheîTiistryt 
A^CrS*, Detroit, Sept©  1940)« 

(S)    A method s irai lar to (2) except involving the use of the 
propionate esters of the sugars«  (Hard, Gordon and Liggett^ 
to appear to October^ 1941 iaeue of the Jouimal of the 
^ericen Chemical Sooiety)« 

(4)  ; An arap3,ifioation of the, statistiöal iiethoà-of. P.raud^aberg 
tód Kuîm«     (This n^thod Involves  the assumption tîmt all 
tto Boride -m st&roh:wiir at ^^ ©gual rate«    Frem 

V    :-this-assumption ciw be oaloulated th©-distrihutioa of 
"    moleoular sises at -wiy pomt during the hydrolysis») 
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(5) The tentatÎTS A#0»A*C» method for the deteiniiination of 
dextrüies« (Modified by extending the number of precipi- 
tations from one to three)# 

TABLE I 

Dextrose Percent Constituents(a) 
Equivalent Dextrose   mitose    Higher SugarsCb^ Dextrine« 

25 8,5 (1)    9.4 (4)     29.1 <4) 53.0 (4) 

30 12.0 il)      — -^ 

35 16.Ô (1)      — 

40 20.S (1)      —          -^ -"  : 

42 22.0 (1)(2) 20.8 (2)(3)(4) 20.2 (2)(4) 57.0 (5) 

45 /24^7 (1) ;■-   _ — : ^  ;.   - ;— :_ _ _— : 

50 29,S U)   25.0 (4) ~ 

'  65 / sö.o;Ci) ^  — :. . --. 

60 40.3 (i)   28,8 (4)       7.9 (4) 23.0 (4) 

(a) Kuíiú>©rs in parenthesis after the figures in the 
table refer to one or HK>re of the foregoing 
methods by which the point was established« 

(b) The higher sugars refer to the triaiaccharide, 
maltotriose^ and the tetrasaocharide, malto- 
tetrose^ which for the laost part are not in- 
cluded in the A» 0# A» C« dextrine precipitation 
laethod, but which exert a notable reducing 
power«    Since there is no familiar g^ieral 
teriûinologyiriiich includes these two rnagars, 
the desoriptiTe phrase higher sugars" has 
beto choaant 

The data in the foregoing table haTe been plotted in the attached set of 
curves*    It will be noted that the range of dextrosa equiTaients takes in 
the smjority of corn sirup types i^jiufactared by the industry©    From these 
ourvBS three tj^ical sirups wauld haT© ^a following analyses (Table II) i 
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TABLE II 

CSU AÎALYSIS 

Carbohydrate Di^^ Substance Analyses 

Constituent 
Percent 28                 42 

10.6               22.0 

55 

Dextrose 34.8 

Maltose 11.5               20.8 27.3 

Higher Sugars 28,2               20.2 11.6 

Dextrines 49,0               37.0 

Consneroial inalyses (43 Be Basis) 

26.3 

Moisture 20.5*               19.7 18.9 

Dextrose 8é3               17.6 28.1 

mitose 9,1                16.6 22.0 

Higher Sugars 22.3               16.2 9,4 

Dextrines 39.6               29,6 21.3 

Ash 0.3                0.3 0,3 

«Estlioateá*    IfiaaTailabld in C#I#R«F* Tables 

It is reooinmÄnded that the ouryes be read to an acouraoh of j 0^2^ but 
tMt the aiua of tiie oonstltuents add up to^ 

It is believed that the figures cited here offer a closer approach to 
the actual analysis of acid converted sirups than those heretofore arail- 
able«    The aaltose values are considerably lower tiian those presently 
accepted«    However, It is quite probable that in previous laaltose deter- 
ïïdnatlons a portion of the su^ as "higher sugars" was 
included as maltose» 

The Sub-Cîoramittee realties that in view of this report it will be necessary 
to revise the data with respect to enzysie converted sirups and also those 
sirups 3Äde by the super iinpo sit ion 0^ conversion upon acid conversion. 
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IB iaîis res^^at it T&^1í%:BB that läi© ^^altoso- values for this t^-pô of 
«irup mil Mi'a to b« remsad upimrà» Some data on thes@ siî^aps art 

-fL^^rai Itól^;^ -wma a_ t*:^fv- ,i^£ 'ia being prepared for «ubmissioïi in th# nam'^^ 

Kespeetfully subísatteáj^ 

W. W» Moyer 
Ai. E^ STALBT MaNïïFACTuîima C01MNÎ 

S« M»  Cantor 
008» PROJUCTS REPIÎîBKÎ COWMY 

Ootober 3r 1941 
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ü^blji ¿l^JSim ftNieglro: Polata of Sweetener Sólntlona 
Jtoreggjaz Goflceatratto^ Dry Solids 

Con:! Sirup 

C wâ Sirup Soude 

Sucrose 

Dextrcme 

PereenUige 
dry soüdB Pra««ii»Doint *t. 

A.20 - 0.32** 
8.28 -0.65O ^•a - 1.02*> 

16.60 - 1.42» 
20.81 - 1.99«> 
2^.91 - 2.45® 
29.05 - 3.070 
33.20     ; -3.73«» 

2.482 - 0.105** 
4.974 - 0.218« 
9.205 - 0,480<» 

15.778 - 0.883° 
23.680 - 1.5000 
45.380 - 4.020** 

2.5 0.33 
4.2 .23 
8.0 .50 

14.0 .90 
20.0 1.50 
25.0 2.00 
37.5 4.00 

4.0 .50 
8.0 1.00 

32,0 1.50 
18.0 2.40 
30.0 4.80 



Table   (>2,^jReiixBâ Cane Sugars   Average wholesale priôè p6t eifi.j, líi» ferki grm», tgr «ûiAha, 1935-50 

(Dollftri) 

ïear Jan, Feb. Mar. àtJT. May June Mi y.;-Attfe*-... Sèf-y^ OQ%J» Not. leer 

1935 4.30 4.30 4.38 4*97 5.25 5.21 5.15 5.30 im 5.30 5.27 4.95 

1936 4.76 4.65 ^  4i7^';': 5.Ô0 1*00 5.0Ô 4.63 4*72 4.70 4.58 4.72 4*80 4.79 

im 4.99 5.00 4#80 4.éo 4*77 4.64 4.70 4.70 5*09 4.89 4.77 -t.75 4.82 

1938 4.75 4.75 4»6è 4.58 4*65 4.51 4.4^ 4.3Ô 4*56 4.64 4.55 4.49 4.57 

1^9 4.34 4.S0 4*39 4.43 4.50 4*50 4.4a 4*40 5.73 5.37 4*90 4.70 4.66 

194i 4.53 4.50 4*50 4..50 4.50 4*4é 4.35 ÀM 05 ;4*35; 4.35 4.36 4.42        i 

1941 4*40 i.45 4¿8f 5.10 ÍM 5*00 S*05 5.31 5.29 5.25 5a!í 5.25 
04 

5.02        f 

1942 5.4Ô 5*45 5i4é 5*60 i.éo 5.6Ö 5*60 5*60 5.é0 5.60 5.60 5.60 5.56 

1943 5.60 5.60 5.6© 5.60 5.60 5*60 5*60 5.60 5*60 5.60 5.60 5.60 5.60 

1944 5.60 5.6o 5.60 5.60 5.60 5.6Ô 5.60 5.60 5.50 5.50 5.50 5*50 5.57 

1945 5.50 5.50 5*50 5.5Ó 5.$Ù 5*50 5*50 5.50 5.50 5.50 5.50 5.50 5.50 

1946 5.50 5.83 6.00 6.Ô0 6.00 6.02 éM 6.10 6.78 7.60 7.76 8.00 6.47 

1Í47 8.Ô9 è.âo 8é2Ó ê.:è5 8.25 8,21 8.25 8.38 8.40 8.4(3 8.40 8,40 8.29 

1948 8.21 7.É2 7.75 7.75 7*ê0 ^*5Í 7.*ä'5 7*75 7.75 7.75 7.75 7.75 7.76 

1949 7.99 8.00 7.96 8.10 êM 7.87 7.85 7.85 7.96 8.05 8.05 8.05 7.97 

1950 8.05 7.92 7.74 7*70 •J-i^O 7.70 fm 8.22 g.25 8.25 8.25 8.25 8.00 

*»et eaeki ÎÔ dayti gogai* ititKsk* fl«i. 



TablA < b3.~Be3 rtrose Q] rdrates A'TOrag« ) irhôlesa] Le price per ewt.y in 
3935-50   1/ 

bags, llienr Tork, gross, ) by months, 

(Dollars) 

le^ir JfPt Feb. March Anril May June July Aue. Sept. Oct. Nov. Dec. Tear 

1935 3.49 3.54 3.59 3.78 4.05 4.04 4.04 4.05 4.07 4.18 4.16 3.83 3.90 

1936 3.66 3.46 3.55 3.75 3.74 3.75 3.75 3.75 3.75 3.73 3.76 3.80 3.70 

1937 3.94 3.91 3.99 4*05 4.05 4.03 4.03 4.03 4.13 4.01 3i84 3.84 3.99 

1938 3.82 3.73 3.67 3.54 3.60 3.52 3.50 3.32 3.58 3.63 3.55 3.52 3.58 

1939 3.38 3.30 3.U 3.50 3.50 3.50 3.50 3.50 4.28 4,38 3.91 3.70 3.66 

19^ 3.55 3.50 3.50 3.50 3.50 3.50 3.50 3.50 3.50 3.50 3.50 3.53 3.51 

1941 3.58 3.62 3.87 4.05 4.05 4.11 4.15 4.32 4.35 4.35 4.35 4.35 4.10 

19A2 4.45 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 

1943 4.50 4,50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 

1944 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 

1945 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 

1946 4.50 4.50 4.50 4.50 4.50 4.50 6.90 7.77 7.66 7.30Í/ ' 6.95 7.08 5.89 

1947 6.82 6.82 7.04 7.20 7.20 7.38 7.45 7.45 7.42 7.26 7.12 7.05 7.18 

1948 6.91 6.40 6.40 6.40 6.25 6.15 6.15 6.31 6,40 6.40 6.40 6.40 6.38 

1949 6.40 6.40 6.40 6.50 6.50 6.50 6.50 6.50 6.50 6.70 6.70 6,70 6.53 

1950 6.70     6.82       6.40       6.35 
»per bag base fro» October 194 
:   Corn Products Refining Coe 

6.35 6*35 6.4Ê 6.87 6.90 6.90 6.90 6.90 hM 
1/ Pi 

Source 
6 to date, 
reports to Sogar Branch , ÎÎÊ4. 

t\3 

O 



Table 6^«Com Sirup, TSmixnâ, 43^ Bet   Average wholesale price per cut., in barrels, earlMd 
Ntw York, groes I7 ^tt^^ 1935-50     2/ 

(Dollars) 

lots. 

Year  Jan«  Feb.  March  April 

1935 

1936 

1937 

1938 

1939 

1940 

1941 

1942 

1943 

1944 

1945 

1946 

1947 

1946 

19Í9 

1950 

3.64 3.64 

3.13 3.U 

3.86 3.86 

3.18 3.11 

3.17 3.09 

3.01 3.06 

3.46 3 Ul 

3.64 3.71 

3.74 3.7À 

3.73 3.73 

4.27 

4.27 

4.85 

7.33 

6.08 

6.02 

4.27 

4.27 

4.93 

7.06 

5.91 

6.02 

3.60 

3.20 

3.88 

3.09 

3.07 

3.13 

3.46 

3.75 

3.74 

3.73 

4.27 

4.27 

5.51 

6.94 

5.85 

6^02 

.65 

.23 

4.35 

3.17 

3.09 

3.26 

3.51 

3.84 

3.74 

3.73 

4.27 

4.27 

5.85 

6.94 

5.85 

6.03 

Ja2_ Jtme     Jnly     Aug.       Sept.   Oct.     »ov.     Dee.        Year 

]J Subject to 2 percent disc cunt. 
Sources   Corn Froducts Sefinluig Co. 

3.68 

3.30 

4.41 

3.19 

3.12 

3.27 

3.51 

3.84 

3.73 

3.75 

4.27 

4.27 

5.86 

6.99 

5.96 

6.17 

3.68 3.68 

3.30 3.53 

4.41 4.30 

3.17 3.18 

3.12 3.05 

3.31 3.34 

3.52 3.61 

3.77 

3.73 

4.27 

4.27 

4.27 

6.54 

7.00 

6.00 

6.32 

3.74 

3.73 

4.27 

4.27 

6.11 

6.79 

7.00 

6.04 

6.48 

3.68 

4.04 

3 »So 

3.05 

3.03 

3.41 

3.61 

3.74 

3.73 

4.27 

4.27 

6.55 

7 ¿21 

6,89 

6.04 

6é57 

3.68 

4.05 

3.86 

3.04 

3.26 

3.45 

3.61 

3.74 

3.73 

4.27 

4.27 

6.44 

7.44 

6.59 

6.02 

6.60 

3.68 

3.92 

3.74 

2.98 

3.04 

3.44 

3.61 

3.74 

3.73 

4.27 

4.27 

6.00 

7.25 

6.29 

5.98 

6.62 

3.47 3.23 

3.90 3.90 

3.30 3.12 

3.03 3.33 

2.94 3.00 

3.41 3.46 

3.61 3.61 

3.74 3.74 

3.73 

4.27 

4.27 

4.99 

7.28 

5.97 

5.92 

6*73 

3.73 

4.27 

4.27 

4.83 

7,28 

5.96 

6.02 

6.84 

3,61 

3>55 

3.90 

3.11 

3.08 

3.30 

3.54 

3.75 

3.73 

4.05 

4.27 

5.04 

6.40 

6.75 

5.97 

6.37 

it»- 

net cash, 10 days. 
reports to BAS, conputed Sugar Branch, fUl, 



fi^l» 65.*-liwi < earn èm% per IXMIIMI to ipi ■illar«, 
(cents p«rt«ab«X) 

by «onths, 1935*49   1/ 

tm^ Jan. f*b. Xareh timil    MsT 

54.79   5ô,99 29.36 25.50 

T««r 

TO5 50.20 47.73 46.74 56.01   55.00 53.19   57.20   51.38 48.32 

1936 29.79 32^93 35.07 30,03   30.00 30,02  51.13   70.66 70.40   70.04 60.01 67.31 50.97 

mf Jam 60.86 76.43 92 ¿60   94.40 06.10   04.01   72.01 78.42   39.17 25,03 27,77 60JÎ2 

m^ 29.30 25.48 20.55 31,60   32,22 31.45   32,04   27.70 28.33   21.35 23.31 27.92 28.25 

aS39 29.37 26 #60 26^7 26U5   28,09 33,66   27*a   24.30 26,21   21,36 23.00 29.07 26.53 

WA0 30.4a 30.03 32.35 36.07   43,39 44.a   44.33   44.74 42,21   40.54 30.25 32.16 38,26 

1941 34,09 36.94 40.52 a,33 a,9i a.29   37.90   30.00 35.32   29,82 33,24 37,04 37.32     V 

/:'''■''y'im: 40*75 39.89 38.73 43.11   46,49 44.76   45,51   43.26 42.U   34,48 37.03 45,73 4im   ^ 
1943 52.03 53,33 57;a3 59,43   62.33 62,43   62.03   62,03 62,03   61,09 55.03 62.73 59.62 

1944 ^.61 64.03. 64.91 64,91   64,91 64,91   64.91   64,91 64.91   63.76 50,06 63.66 64.05 

1945 64.36 64.66 64,51 65,01   66.11 67,51   67,51   67.61 67,61   67.91 66,41 67.61 66.39 

1946 66.06 67.56 70.36 70.56   86,24 91,52 U7,25 120.81 127.76 110,28 55.36 47.97 00*47 

wm 50.15 59.49 77.29 86,06 103.30 132,66 135,88 151.25 156,33 143,90 339.33 148,68 115.71 

1941 155.84 129.26 137.27 334f63. 320.70 120.86 119.51 113,62 303.45   72,60 61,52 71,31 111.34 

1949 74.32 65.03 77.07 80,66   78,64 81.44   83,21   67.88 72,35   60.88 64,64 74,99 73.50 

1/ Market price of Ho^ 3 ïellm Corn/GliiLicagp lew proeoed» fw Cor» Oil and Gluten feed per bushel 
of earn* 
Scsurces   Conpated Sugar praiiph| Fiat 



Tkbli 66«--Corn, Vo. 3 jûJlcm, weighted average market prie© per bushel^ Chicago, by months, 1935-4^9 
(cents per bushel) 
Calendar ïear Basis 

Tear 

90.8 

Feb. 

87.7 83.3 

_4pril 

89.0 

Jane Jnly AM«. Sept. Oct. Nov. Dec. Tear 

1935 mj> 85,1 84,8 80.6 83.2 82.0 62.1 59.0 81.3 

1936 60.8 61,3 60,8 63,2 63.2 64.0 85.8 113.5 112.1 106.6 104.7 107.2 83.6 

1937 112.2 111.2 116.0 135,0 134.9 122U 118.4 104.5 105.9 66.1 53.4 56.1 103,0 

1938 59.3 56.9 57.9 58.6 57.7 57.0 58.7 53.6 52.7 44.7 46.0 51.0 54.5 

1939 51.5 48.1 47.5 48.7 51.2 51.2 48,0 45,0 54.0 48.3 49.7 56.3 50.0 

1940 58.5 57,6 57.9 62,5 68.6 65.8 65.3 66.0 64.5 64.3 64.5 61.5 63.1  ::, 
1^ 

1941 63.6 62,3 65.6 69.1 71.7 73,7 73.7 74.5 75.1 69.5 70.7 75.9 70.4      T 

19A2 81.8 81.9 81,7 82.3 85.3 84.5 86.0 84.4 84.1 77.3 80.5 89.4 83.3 

1943 96.5 97.0 100.8 103.1 106.0 106.1 106.5 106.5 106.5 106.5 106.5 113.4 104.6 

1944 13A.2 11A.6 115.5 115.5 115.5 115.5 115.5 115.5 115.5 1U.2 109.3 114.1 1U.6 

1945 m.8 115,1 1U.9 115.4 116.5 U7.9 117.9 118.0 118.0 118.3 116.8 118.0 116.8 

I94é 346,5 118.0 120.8 121.0 ÎM.8 152.8 216.7 193.1 189.4 181.9 139*2 134.0 152.3 

1947 133.2 141,9 173.1 178,2 177.9 209.7 216.9 234.6 251.3 240.3 242.3 261.1 205.0 

194« 271,1 225.3''" 230,1 231,8 230.6 231,6 213,6 195.1 180.8 147.0 138.1 142.4 203.1 

1949 Î42-8 157.1 133,7 137,0 135,8 135.3 140.2 130.7 131.2 115.2 Í15.7 129,6 131.2 

§(oi»roet IAS fped States tief and Tbi» Fewdi Situation, 
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TablÄ 67.--Corn sirup solids s    Prices per hundredweight, carloads, 
Chicago and ^w York, 1947-50 

mi 
Jaxsiax^ «, 
Pehruary , 
March ;.., 
iia^ll •.•. 
May •.,.,. 
June /•••< 
Ju3y •.,•, 
August ••« 
September 
Ocstolier •. 
November , 
DcM:5ember , 

ihieaeo Hew York 
lollars) (dollÄrs) 

6.23 6.86 
6.34 6.99 
6.68 7.33 
6.68 7.33 
6.68 7.33 
6.92 7.3it 
7.20 7.67 
7.76 8.38 
8.26 8.45 
8.38 7.96 
8.40 7.96 
8.21 7.96 

19¿7 ayerage    ................ 7.31 7.63 

JamEsry ., 
Februai^ , 
Marcli ••., 
^^11 \**. 
May •...., 
Smm ««... 
July ••••. 
kv^mt .., 
Sept^aber 
October ., 
Noir^iber , 
Decaaber , 

8.01 7.82 
7.59 7.39 
7.45 7.31 
7.36 7.31 
7.33 7.22 
7.22 7.08 
7.22 7.08 
7.45 7.25 
7.69 7,40 
7.69 7.40 
6.40 6.98 
6.21 6.93 

3<?iL8ay«aaf ................. 7.30 7.26 
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Tftbl» 67.—<îc(rn sirup soliäii   Prieeâ per hundredweight, earlosäs, 
Chicago and New York, 194-7-50 (contd,) 

Çhicai^o Né« lork 
(dollars) (doliars) 

6.30 7.05 
6.12 6.87 
6.05 6.81 
6.05 6.81 
6.16 6.92 
6.20 6.96 
6.20 6.96 
6.20 6.96 
6.20 6.98 
6.16 6.94. 
6.10 6.88 
6,20 6.98 

19¿9 

February , 
Mfireh »e«. 
April .••. 
May ••.... 
JvmB  
July .••.. 
August ^«< 
Septesbar 
Oetobar «i 
Novambar < 
Dac^ibar < 

19¿9 avaraga    •.•.••••.      6»16 6^93 

1950 

Jaimary •• 
Pabruary « 
March .... 
April •••, 

Juiia ..... 
July ..••. 
August ••, 
Saptambar 
Oetobar ., 
Hovaabar , 
Dacaidsar  . 

1950 ayaraga ••.♦•... • 6.61 7.^ 

Rapcrts of Amriean Ibita-Prc^cte Cmaspe^w ^ Sugar Braœb^ FUA. 
TirU. s, GOVERNMCNT PRfNTINS OFFiCÈ : O—IS51 

6.20 6.98 
6.20 6.98 
6.20 6.98 
6.20 6.98 
6.38 7.16 
6.56 7.3A 
6.75 7.51 
6.86 7.64 
6.90 7.68 
6.92 7.70 
7^03 7.81 
7.10 7.88 


